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Dear Dr. Talay,

Attached are the final report materials for NASA Cooperative Agreement NCC1-229

entitled "Improving Conceptual Design for Launch Vehicles" that was conducted by the Space

Systems Design Laboratory (SSDL) at the Georgia Institute of Technology during the period

September 23, 1996 to September 22, 1999. The most recent year of this cooperative agreement

focused on the economic viability of a Bimese reusable launch vehicle when servicing future
intercontinental fast package delivery missions. Several alternative configurations were considered

and the results are summarized in the attached report. In addition, a summary of funded activities
and a set of presentation-style charts from this project are also included.

This report concludes the nominal period of performance of the three-year NCC1-229

activity. During this overall project, the SSDL students and researchers developed a new cost and

business assessment model for estimating the economics of reusable launch systems. This tool is

called CABAM, and it has since been made available to a number of advanced design
organizations. In year 2 of this project, our efforts focused on computational frameworks for

supporting multidisciplinary design environments. For this task, we created a web-based

demonstration environment that integrated four disciplines for designing an RBCC SSTO
spaceplane. Our most recent activities have focused on the assessment of a Bimese RLV for

intercontinental fast-package delivery markets.

I would like to thank you for your continued support of our research and educational

activities in advanced space transportation system design. Partly with the support of this

cooperative agreement, SSDL has grown from only 2 graduate students in 1996 to a more fully
developed and capable research lab of 18 graduate students and 4 undergraduate students in 1999.

We look forward to working with you and your organization on future projects.

Sincerely,

Dr. John R. Olds t
School of Aerospace Engineering

Director, Space Systems Design Lab

Georgia Institute of Technology
Atlanta, GA 30332-0150
404-894-6289

john.olds @ae.gatech.edu
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Final Summary of Cooperative Agreement Activities

Improving Conceptual Design for Launch Vehicles

Cooperative Agreement NCC1-229, NASA - Langley Research Center

Total Period of Performance: September 22, 1996 - September 23, 1999

Current Period of Performance: September 23, 1998 - September 22, 1999

Project Background:

This report summarizes key activities conducted in the third and final year of the cooperative

agreement NCC1-229 entitled "Improving Conceptual Design for Launch Vehicles." This project

has been funded by the Vehicle Analysis Branch at NASA's Langley Research Center in Hampton,

VA. Work has been performed by the Space Systems Design Lab (SSDL) at the Georgia Institute

of Technology, Atlanta, GA.

Accomplishments during the first and second years of this project have been previously

reported in annual progress reports. This report will focus on the third and final year of the three

year activity.

Summary of Project Accomplishments:

From September 23, 1998 to September 22, 1999 this project focused on the assessment of

the economics of a Bimese reusable launch vehicle when configured to support a intercontinental

fast-package (fast cargo) delivery business. Several configurations were examined including a

single Bimese RLV element, a single element with extra internal tanks in the payload bay, a single

element with strap-on solid rocket boosters, and a single element with extra tanks and strap-on

solid rocket boosters. For each configuration, the payload performance was calculated as a

function of launch azimuth from Kennedy Space Center, Florida. A parametric business market

was created to assess the economic viability of a Bimese vehicle operating as a fast-package

delivery vehicle. The study results are summarized in the attached report and the accompanying
presentation charts.

A secondary (and less tangible) goal of the three-year project was to encourage and support

the development of a research laboratory at Georgia Tech focused on the study of advanced space

transportation. Toward that end, the project was also quite successful. With the support of

government funding, the Space Systems Design Laboratory at Georgia Tech has grown from only
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2 graduate students in 1996 to 18 graduate students and 4 undergraduate students in 1999. During

this time, the lab has graduated 10 students with advanced degrees, developed several new tools

and techniques applicable to the design of conceptual launch vehicles, and has published a number

of technical papers documenting these accomplishments.

Graduate Students Supported:

For the current period of this project (year 3), two Georgia Tech graduate students were

directly supported by funds derived from this cooperative agreement. These graduate students were

awarded graduate research assistantships (GRAs) and received monthly stipends and tuition

reimbursement.

1) Jeffery Tooley (graduate student, GRA supported from 9/98 - 9/99)

2) Brad St. Germain (graduate student, GRA, supported from 7/99 - 8/99)

Jeff Tooley was supported during the entire third year of the project and is responsible for

most of the work on the Bimese study. Brad St. Germain was supported for a summer period that

he spent working as a summer intern in the Vehicle Analysis Branch at NASA Langley. While at

VAB, Mr. St. Germain worked on KLIN-cycle propulsion concepts under the supervision of

NASA's Roger Lepsch.

Degrees Awarded:

Two advanced degrees were awarded based partially on research work performed during this

period of the project.

1) Jeffrey Tooley, Master of Science in Aerospace Engineering, December 1999.

2) Brad St. Germain, Master of Science, December 1999.

Jeff Tooley completed his M.S.A.E. degree in the fail of 1999 and has entered the

aerospace workforce. Brad St. Germain (who was supported by Georgia state funds during the

academic year) earned an M. S. degree in the fall of 1999 and is continuing his education in the

Ph.D. program at Georgia Tech.
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Travel & Summer Activities:

The following travel was taken in support of activities related to this project.

l) Brad St. Germain spent 7 weeks in the summer of 1999 as a summer intern in the Vehicle

Analysis Branch at NASA - Langley. Mr. St. Germain's travel expenses were partially

offset by funds from the cooperative agreement.

2) Dr. John Olds and Jeff Tooley visited NASA Langley on August 9 - 11 to discuss

preliminary results of the Bimese project. Dr. Ted Talay provided some input and advise
regarding the project.

3) Dr. John Olds visited NASA Langley on November 3 and 4 in conjunction with the AIAA

Spaceplanes and Hypersonic Technologies Conference in Norfolk, VA. Dr. Olds and

several SSDL graduate students met with Dr. Ted Talay, Roger Lepsch, Doug Morris,
Prasun Desai, and other NASA researchers.

Plans for Continuing This Cooperative Agreement:

A proposal for a continuation of this cooperative agreement has been submitted to NASA

Langley and is currently in evaluation. If accepted, this continuation will investigate markets,

design criteria, and vehicle concepts for economically successful Space Tourism ventures. This

topic is of mutual interest to NASA and SSDL.
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NOMENCLATURE

AATe

CABAM

CSTS

DDT&E

GEM

IRR

KSC

LEO

LH2

LOX

NASA

OMS

POST

T/W

TFU

SRB

SRM

Architecture Assessment Tool enhanced

Cost And Business Analysis Module

Commercial Space Transportation Study

design, development, testing and evaluation

graphite epoxy motor
internal rate of return

Kennedy Space Center

low Earth orbit

liquid hydrogen

liquid oxygen
National Aeronautics and Space Administration

orbital maneuvering system

Program to Optimize Simulated Trajectories

thrust-to-weight

theoretical first unit cost

solid rocket booster

solid rocket motors
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I. INTRODUCTION

The Bimese architecture for low cost access to space is based on a philosophy of

maximum commonality between reusable flight elements. This strategy is thought to lead

to reduced development cost, fleet production cost, and operations cost. As envisioned by

researchers at NASA Langley (Talay, et al), the nominal Bimese configuration consists of

two identical autonomous LOX/LH2 rocket-powered wing-body RLVs mated together

into a vertical lifloff TSTO configuration. In this nominal or "mated" configuration, the

system is designed to deliver 60 klb of payload to low earth orbit from a launch site at

NASA Kennedy Space Center. The "booster" RLV crossfeeds propellant into the

"orbiter" RLV until the staging point at which the empty booster separates and performs

an unpowered return to the launch site. The fully loaded "orbiter" continues on to orbit

with the payload. In fact, the "booster" and "orbiter" in the mated configuration are

identical rocket vehicles and can be interchanged from flight to flight. While this results

in some non-optimal compromises in the design of the Bimese RLV (e.g. ordinarily, the

booster of a TSTO system wouldn't need a payload bay), the life cycle costs are expected

to benefit from the high degree of commonality between the systems (e.g. same engines,

same construction methods, same maintenance routines). In addition, the TSTO approach

results in a smaller and less technologically risky development program relative to a

SSTO configuration with similar technology levels.

In addition to the nominal mated configuration, a number of complementary Bimese

configurations have been considered to widen the payload delivery range of the

architecture and increase payload delivery flexibility. That is, a large family of

configurations (all using a single or multiple Bimese RLV flight elements in some way)

could capture medium payload delivery missions (20 - 40 klb), heavy payload delivery

missions (40 - 60 klb), very heavy payload delivery missions (>100 klb), and crew and

cargo rotation missions to the International Space Station. Strap-on boosters, large

expendable liquid core stages, and propellant drop tanks can be added to the basic

Bimese flight vehicle to create these alternate configurations.

The goal of the research outlined in this report is to consider the possibility of using

elements of the Bimese architecture to capture part of the market in ultra-fast

intercontinental package delivery. That is, can a single Bimese RLV (augmented or

unaugmented) be used to fly a fast, suborbital trajectory to deliver high priority payloads

from the United States (nominally KSC) to fictitious spaceports in European or Asian

cities? If so, can a positive economic business case be made for this fast "point-to-point"

market using a Bimese RLV? How much payload can be carried per flight? What type of

annual flight rates are necessary to make an attractive economic case?

This study was completed by researchers in the Space Systems Design Laboratory in the

School of Aerospace Engineering at Georgia Institute of Technology between 1998 and
1999.

Georgia Tech SSDL Year 3 Final Report, Improving Conceplual Design for Launch Vehicles
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II. THE BIMESE LAUNCH VEHICLE

The Bimese is a conceptual design for a fully reusable wing-body launch vehicle. It is

the vehicle that will be used as the base element for all architectural development in the

Bimese space transportation system, hence the name. In Figure II.1 the Bimese is

pictured in a three-view along with vehicle specifications. Although all of the given

specifications are for a fully fueled vehicle with zero payload, not all configurations will

use these parameters (e.g. in the case of ascent propellant off-load). Designed by NASA

Langley Research Center, it was sized to deliver 60 ldb of payload when launched from

Kennedy Space Center (KSC) to a 100 nmi x 50 nmi at 28.5" inclination orbit in what is

called the mated (Bimese) TSTO configuration (discussed in Section III.5).

LOX LH2

T_k T_k I
93 ft

1
25h

/-

,-,'_" 163 ft

Payload Bay

(15 ft dia. x 50 fi)

,...t

Grossweight (zero

payload)---l,130,550Ib

Dry weight = i 63, i O0 ib

Ascent prop. = 941,600 Ib

LOX wgt./LH2 wgt. = 6.9

Figure II. 1 - Bimese Three-view

With four conceptual liquid oxygen (LOX)/liquid hydrogen (LH2) engines the Bimese

relies on the development of a new propulsion system with the parameters listed in Table

II.1.
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Table II. 1 - Conceptual LOX/LH2 Engine Parameters

Sea level thrust (lb) 384,000

Vacuum Isp (s) 443
Sea level T/W 74.6

Engine throttle 30%

Mixture ratio 6.9

Lifetime (flights) 250

Other design parameters that are important for the analysis of the vehicle are listed in
Table II.2.

Table II.2 - Design Constraints

Acceleration limit (g)

Maximum wing normal force (lb)

Maximum dynamic pressure (lb/fi 2)
3I379,000

1,000

Georgia Tech SSDL Year 3 Final Report, Improving Conceptual Design for Launch Vehicles
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III. MISSION AND PAYLOAD OPTIONS

The mission options of the Bimese transportation system will be analyzed in terms of

trying to fill NASA and the commercial markets' demand for a wide variety of payload

capabilities with minimum architectural development. In this study there are five
varieties of the Bimese element being explored: single element, fuel-augmented, thrust-

augmented, fuel/thrust-augmented, and the mated (Bimese) configurations. These five

varieties are shown in Figure III.1. Other variants that exist, but are not being

investigated, are the heavy lift concepts that are characterized by the addition of a large

second or third expendable stage to any of the previous configurations. Quantifying the

performance of each configuration will be done in terms of two parameters: due east

point-to-point range capability for 1 klb from 28.5" latitude (KSC); and low Earth orbit

(LEO) payload delivered to a 100 nmi x 50 nmi at 28.5" inclination orbit. For the LEO

case there is enough orbital maneuvering system (OMS) propellant on the Bimese to

circularize to 100 nmi x 100 nmi at 28.5" inclination orbit.

Single element Fuel-augmented Thrust-augmented Thrust/fuel-
augmented

Mated (Bimese)

Figure III. 1 - Bimese Space Transportation System Mission Options

For these missions all of the trajectory analysis is done using three degree-of-freedom

Program to Optimize Simulated Trajectories (POST). For the LEO missions POST is

used to optimize the controls for maximum burnout weight. For point-to-point missions

POST simulates a ballistic boost-glide trajectory, while optimizing alpha (limited to 40

degrees) for maximum range. For fuel and thrust augmentation new component weights

are analyzed using mass estimating relationships. More on the specifics of the vehicle

trajectory and component weights will be introduced as each configuration is studied.

The POST input and aerodynamic files are in Appendix A.
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III. 1. SINGLE ELEMENT BIMESE

The single element configuration consists of the Bimese flown without any other

components.

III. 1.1. Single Element Bimese: LEO

It is determined that the single element configuration cannot make it to LEO before

burning out of ascent propellant. In the simulation the single Bimese must use about

40,000 lb of non-propellant mass to make it to orbit.

III. 1.2. Single Element Bimese: Point-to-Point

For the single element point-to-point configuration 6,200 lb of propellant is off-loaded

which corresponds to the OMS fuel needed to circularize and de-orbit. The single

element point-to-point simulation shows that the Bimese can transport 1 klb of payload to

28.5 ° latitude with a range of 3,900 nmi. A ground track of the trajectory is shown in

Figure III.2. Also shown in this figure are the approximate landing locations for launches

in all directions and the single element ranges loaded with 60 klb of payload. The figure

depicts that the added payload weight reduces the range by about 30% and launching in a

westerly direction (as compared to an easterly one) reduces the range by approximately

30%.

Ground track for

I klb to 28.5 *

latitude with

3,900 nmi range

....... 60 klb range

1 klb range "

_ t • a

_ _ c S _ •

..... k.......... 1..... .2 ...... ' .......... ._ .....

Figure III.2 - Ranging and Ground Track for Single Element Bimese
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Five plots of the reference point-to-point trajectory are seen in Figure IlI.3a through

III.3e. The plots show, in order, a time history of the vehicle's altitude, range, angle of

attack, acceleration, and velocity. Figure III.3a shows that the trajectory stops at an

altitude of 50,000 fl; once the vehicle has reached this altitude and a Math number of

about 1 the trajectory is assumed to be an automated loiter and landing phase that is not

simulated. Another feature of this plot is the skipping trajectory; by skipping across the

upper atmosphere the vehicle can obtain maximum range. As can be seen from the range

plot most of the ranging is done during this skipping phase. Unfortunately this skipping

also corresponds to high aerodynamic heating. Also note that the vehicle travels 3,900

nmi in 37 minutes, which gives an average speed of 8,000 miles per hour. This high

average flight speed is important for applications of the point-to-point trajectories and

will be discussed in more detail later.

III. 1.3 Single Element Bimese Conclusions

The single element Bimese has no LEO capability, but it does have a marginal trans-

Atlantic point-to-point range with small payloads (under 1 klb). Trans-continental
service between the coasts of the United States is also a possibility, setting aside the

obvious problems associated with land overflight (noise, safety, and regulatory issues),

but the performance of a single element Bimese falls short of enabling trans-Pacific

service. To support a more ambitious, long range fast package delivery service, the

_ingle element Bimese would have to be sized up by roughly 25% - 35%.

Given its small payload and range capability, the single element Bimese configuration

might best be used to offer "charter style" trans-Atlantic service for extremely high value,

but lightweight cargoes on an as-needed basis (see the economic analysis in Section IV).

In addition, the suborbital trans-Atlantic trajectory flown by the simple Bimese would be

excellent for testing a Bimese prototype, putting it through many of the extremes that an

orbital vehicle would encounter.
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Figure III.3a-e - Time History Plots for Single Element Bimese Point-to-Point
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III.2. FUEL-AUGMENTED BIMESE

The fuel-augmented Bimese configuration consists of a single element with an extra LOX

and LH2 tank in its payload bay. The payload bay is a cylinder, 50 fl long with a 15 fl

diameter. If it is fully loaded with propellant, it could hold about 200,000 lb of

LOX/LH2.

III.2.1. Fuel-Augmented Bimese: LEO

The fuel-augmented Bimese for the LEO mission for 8till cannot get any payload to orbit.

Although the increased fuel added velocity increment capability, the fact that no
additional thrust is added causes the overall thrust-to-weight at liftoff (T/W) to decrease

as propellant is added. Even assuming that a lifioff T/W of 1.05 provides adequate lifioff

margin, the fuel-augmented Bimese must burn about 20,000 lb of non-propellant mass to

get to orbit.

III.2.2. Fuel-Augmented Bimese: Point-to-Point

Simulation of point-to-point fuel-augmented trajectories show that even a payload bay

stuffed full of fuel only increases the point-to-point range by about 400 nmi. Combine
this with the fact that for minimum architectural developments, the same payload tanks

will be used for the fuel/thrust-augmented vehicle (which is expected to have a capability

of about 20,000 lb to LEO) leads to the choice of filling three-fifths of the payload bay

with tanks. This leaves room for about 20,000 lb of payload and adds only 200 nmi in

range to the fuel-augmented point-to-point trajectory. A line drawing of the fuel-

augmented Bimese along with payload tank specifications is shown in Figure III.4. The

fuel-augmented point-to-point range for 1 klb to 28.5" latitude is 4,100 nmi, no plots will

be shown for this because they are very similar to the single element plots.

LH2 Tank

LOX Tank

Payload Tank Parameters

LOX fuel (lb) 87,300

LOX tank weight (lb) 590

LH2 fuel (lb) 12,600

LH2 tank weight (lb) 890

Structure/feeds (lb) 1,000

Total weight (lb) 104,480

Length of Apparatus (fi) 30

Figure III.4 - Fuel-Augmented Bimese with Payload Tank Parameters

Georgia Tech SSDL Year 3 Final Report, Imlmovin 8 Conoeptual Design for Launch Vehicles



NCCI-229 The Bune$e Concept: A Study of Mtsaaon and Economlc Options 13

III.2.3. Fuel-Augmented Bimese Conclusions

With the assumptions made on available fuel load, the fuel-augmented Bimese offers

little advantage over the single element Bimese. It has no LEO capability and the point-

to-point range is only increased by a few hundred nautical miles. In addition it has the

operational disadvantage of having to install, fill, and purge during ascent the payload

bay tanks.

III.3. THRUST-AUGMENTED BIMESE

The thrust-augmented Bimese configuration consists of a single element with Solid

Rocket Motors (SRMs) strapped to the side of the Bimese. A new motor will need to be

designed to fill this piece of the transportation system. Keeping the design realistic the

new motor is modeled as a derivative of the Graphite Epoxy Motor (GEM), which is

currently used on the Delta II 7925. The GEM is chosen because of its good performance

and lightweight structure, which are shown in Table III. 1.

Table III. 1 - Reference GEM Performance and Design Parameters (Delta)

Propellant mass (klb) 25.8

Gross mass (klb) 28.6

Sea level thrust (klb) 99

Sea level Isp (s) 265

Bum time (s) 63.0

Expansion ratio 10.7

Overall length (ft) 42

Core diameter (fi) 3

Scaling the GEM involves the use of simple scaling equations. To increase the bum time

of the GEM more propellant is added, while the dry weight is scaled linearly with the fuel

weight (dry weight is calculated to be ~10% of the propellant weight). Linearly

increasing the nozzle exit area and fuel flow rate while keeping a constant expansion ratio

scales thrust. Specific impulse remains a constant for all of the scaling.

A few changes ate made to the single element trajectory for the simulations with SRMs.

First a 10% drag rise is included while the motors are attached to capture some of the

aerodynamic effects of the SRMs. Also because the SRMs provide added T/W the

Bimese accelerates much faster resulting in violation of the dynamic pressure constraint

listed in Table II.2. To alleviate this problem the main engines are throttled to a constant

value while the SRMs are thrusting; this throttle value is optimized within the trajectory
simulation.

III.3.1. Thrust-Augmented Bimese: LEO

With thrust augmentation the single Bimese (;an finally make it to orbit. In order to

investigate the ability of the thrust-augmented Bimese to ferry payload to LEO, a design
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of experiments analysis is performed. Both SRM burn time and total SRM sea level
thrust are varied and LEO payload is observed. Based on initial simulation experimental

ranges of 75 to 125 sec. for bum time and 1,500 to 2,000 klb for total SRM sea level

thrust are chosen. The lower limits are set by zero payload capability. The upper limits

are set by throRle limit violation when trying to meet the dynamic pressure constraint.

Table III.2 shows the results of the design of experiment (a negative payload indicates the

vehicle cannot make it to orbit). A response surface with a mean square of 0.999 is

generated and plotted in Figure III.5.

Table III.2 - Experimental Design for Thrust-Augmented Bimese

SRM bum

time (s)

75

100

125

75

100

125

75

100

125

Total SRM Sea

Level Thrust 0rib)

1,500

1,500

1,500

1,750

1,750

1,750

2,000

2,000

2,000

Payload to

LEO (lb)

-7,896

-1,727

1,123

-1,553

5,742

8,712

3,651

11,939

17,077

125

120

115

,-- il0

ej

._ 105

1oo

85

80

75

1750

×

1800 1850 1900 1950 2000

Total SRM SeaLe_el Thrust (klb)

Figure III.5 - LEO Payload to Orbit for Thrust-Augmented Bimese

Payload to LEO

,o Oldb

-----o-_ 5 Idb

..... x .... l0 klb

-----4--- 15klb
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This figure illustrates that the thrust-augmented single Bimese can get anywhere between

1 and 20 klb to LEO. It also shows that many SRM designs can fill a single payload

requirement to LEO. That is, the solution for a given payload capability is a non-unique

combination of total SRB sea-level thrust and burn time. To determine which SRM

design is best (here, lowest SRB gross weight) for each payload capability, a plot of SRM

gross weight for the 5 and 10 klb payload thrust-augmented Bimese is introduced in

Figure III.6.

1100

1050

900 ---o_......_
850 _"_"

800

"_ 750
[-

700

650

600

1900 1920 1940 1960 1980 2000

Total _ Sea Level Thrust (db)

Payloai to LEO

Figure III.6 - SRM Gross Weight Change for Constant Payload to LEO

For a constant payload, the minimum SRB weight occurs with maximum allowable

thrust. Therefore the maximum thrust value that is within the ranges of the experimental

design will be used for thrust augmentation. That is, the total sea-level SRB thrust is set

to 2,000,000 lb. in subsequent analysis and SRB bum time is varied to get the desired

payload capability.

The number of individual of SRB's for the 5 and 10 klb payload cases was chosen to be 4

to yield a symmetric configuration and a reasonable SRB size (500 klb thrust at sea-level

per SRB). Figure III.7 shows the GEM derivatives and the resultant bum times for each

payload capacity (GEM-10 for the 10 klb payload case and GEM-5 for the 5 ldb payload

case). The figure also compares the Bimese GEMs with the Shuttle SRB and the
reference GEM from the Delta 7925.
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SRM name Shuttle SRB GEM-10 GEM-5 GEM

Vehicle use

Propellant mass (klb)
Gross mass (klb)
Sea level thrust (klb)

Sea level Isp (s)
Bum time (s)

Expansion ratio
Overall length (fi)
Cnre diameter (fi)

Two on the Space
Shuttle

1,107

1,300
2,650
267
124

7.5
150
12

Four on I 0 klb to
LEO thrust-

augmented Bimese
190

210
500

274
92.8
10.7

60
6

Four on 5 klb to

LEO thrust-

augmented Bimese
155

175

500

274

78.2

10.7

50

6

Nine on

Delta

7925

25.8
28.6
98.9

274
63.0

10.7
43

3

Figure III.7 - SRM Size and Performance Comparison Chart

The Bimese with four GEM-10s, seen in Figure III.8, will be used as the reference thrust-

augmented Bimese.

Figure III.8 - Thrust-Augmented Bimese with Four GEM-10s

A verification run was performed to obtain the actual payload (instead of the regressed

payload) obtained when four GEM-10s with the parameters in Figure III.7. For the
verification run, the thrust-augmented single Bimese was found to insert 9,740 lb of

payload into LEO.
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Altitude, throttle setting, dynamic pressure, and acceleration of the simulated ascent

trajectory are seen in Figures III.9a through d. In Figure III.9b notice the throttle setting

for the main engines is set to a constant value at twenty seconds up until the solids are

dropped. Also notice in Figure III.9d the high liftoff T/W of about 1.75; this is what

causes the dynamic pressure violation and the need for throttling.
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Figure III.9a-d - Time History Plots for Thrust-Augmented Bimese to LEO
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III.3.2. Thrust-Augmented Bimese: Point-to-Point

The thrust-augmented Bimese with four GEM-10s cannot fly a ballistic point-to-point

trajectory while meeting all of the constraints listed in Table III.2. Therefore the point-

to-point trajectory is simulated with tw__oGEM-10s. For the point-to-point configuration,

6,200 lb of propellant is off-loaded from the orbital configuration which corresponds to
the OMS fuel needed to circularize and de-orbit. The single element point-to-point

simulation shows that the thrust-augmented Bimese can transport 1 klb of payload to

28.5 ° latitude with a range of 6,050 nmi. A ground track of the trajectory is shown in

Figure III.10. Also shown in this figure are the approximate landing locations for
launches in all directions. The same graphic has range capabilities for the thrust-

augmented Bimese with 60 klb of payload. The thrust-augmented Bimese is easily

capable of delivering 1 klb or more to a variety of spots in Europe, but still falls short of

trans-Pacific range. From the figure, carrying 60 klb of payload weight with the thrust-

augmented single Bimese results in a range similar to that of the 1 klb single element

Bimese point-to-point range (i.e. marginal trans-Atlantic range).

....... 60 klb range

! klb range

• _ r _ , '

: ...... ,_...... - ..... _.......... ; ..... ; ..... .-- ....

Figure III. 10 - Ranging and Ground Track for Thrust-Augmented Bimese

Four plots of the point-to-point trajectory are seen in Figure III.3a through III.3e. The

plots show in order a time history of the vehicle's altitude, acceleration, angle of attack,

and velocity profile. Another feature of the trajectory is the extreme altitude (80 km) to
which the vehicle ascends. The trajectory takes about 45 minutes. There are abrupt

peaks in the velocity profile (Figure II. 1 l d) which would indicate severe heating loads.

Because the vehicle appears to be at the limit (or perhaps even beyond in the case of

aeroheating) of many of its trajectory constraints, no higher thrust configurations will be

examined for longer range point-to-point missions.
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Figure III. 1la-d - Time History Plots for Thrust-Augmented Bimese to PTP

III.3.3. Thrust-Augmented Bimese Conclusions

The thrust-augmented Bimese is a success both in terms of LEO payload and point-to-

point range. With four GEM-10 SRBs, the vehicle can deliver almost 10,000 lb to LEO.

The point-to-point ability has significant range and payload with the ability to boost to

such places as western Europe and the tip of South America from KSC in under an hour.

Its drawback is the requirement of the use of large solids that will need to be purchased

and integrated for every flight.
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III.4. FUEL/THRUST-AUGMENTED BIMESE

The fuel/thrust-augmented Bimese configuration consists of a single element Bimese

with fuel tanks in the payload bay and SRMs swapped to the side. The same designs for

the fuel-augmented Bimese payload tanks (99,900 lb. of propellant per Figure III.4) and

thrust-augmented Bimese SRMs are used on this vehicle for the LEO mission. As
mentioned earlier, this configuration was not examined for point-to-point range since it

would easily exceed the trajectory constraints on a programmed suborbital mission. Since

this configuration can easily make low earth orbit, one might think of it (and the four

SRB thrust-augmented Bimese in the previous section) as a _ fast-package

delivery vehicle with a point-to-point payload equal to its orbital payload capability.

III.4.1. Fuel/Thrust-Augmented Bimese: LEO

Similar to that performed for the thrust-augmented Bimese, a design of experiments

analysis is performed on the thrust/fuel-augmented Bimese to test its LEO capability.

The same range of 75 to 125 sec. for bum time and 1,500 to 2,000 klb for total SRM sea

level thrust are chosen. Table III.3 shows the results of the design of experiments matrix

(a negative payload indicates the vehicle cannot make it to orbit). A response surface

with a mean square of 0.985 is generated and plotted in Figure Ill.12.

Table III.3 - Experimental Design for Fuel/Thrust-Augmented Bimese

SRM bum

time (s)

75

100

125

75

100

125

75

100

125

Total SRM Sea

Level Thrust (klb)

1,500

1,500

1,500

1,750

1,750

2,000

2,000

2,000

2,000

Payload to

LEO (lb)

-1,751

4,507

7,774

3,562

10,179

15,566

9,960

19,672

22,323
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Figure III. 12 - LEO Payload to Orbit for Fuel/Thrust-Augmented Bimese
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This figure illustrates that the fuel/thrust-augmented Bimese can get anywhere between l

and 25 klb to LEO. For similar sized SRMs, it can deliver about five thousand more

pounds of payload over the thrust-augmented Bimese without additional tanks in the

payload bay. For commonality with the thrust-augmented Bimese, the fuel/thrust-

augmented design will use four previously sized GEM-10s (500 klb sea level thrust each

with a 92.8 sec. burn time, from Figure III.7). Verifying the response surface prediction

with an actual trajectory simulation with these SRMs gives a payload of 15,900 lb. A

picture of this Bimese configuration is shown in Figure III. 13.

Figure III. 13 - Fuelflhrust-Augmented Bimese
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Although there are tanks in the payload bay, there is still a 20 ft long 15 ft diameter space

in the bay, which is enough room for the reference payload. Time history plots of the

ascent trajectory are not shown because they are very similar to the thrust-augmented

Bimese plots.

III.4.2. Fuel/Thrust-Augmented Bimese Conclusions

Fuel augmentation increases the payload of thrust augmentation by about 5,000 lb, which

is attractive considering the only added costs are fuel tanks, operational complexity, and

fitting the Bimese with proper payload feed lines. If a global range fast package delivery

is desired, this configuration could delivery 15,900 lb. to orbit, and then deliver it to

nearly any location on the globe. However, the four SRB's and the internal fuel tanks

make this configuration more expensive to operate than any of the previous concepts

considered.

III.5. MATED BIMESE

For completeness, the nominal mated Bimese configuration was examined. The mated

Bimese configuration consists of two single elements attached to each other. Pictured in

Figure III.14 the mated Bimese has the following characteristics: propellant cross-feed,

un-powered fly back, and commonality between booster and orbiter.

Booster J

Gross weight (zero payload): 1,130,550 Ib

Ascent propellant weight: 941,6(X) lb

t J J

Orbiter

Gross weight (zero payload): 1,083,700 Ib

Ascent propellant weight: 909,700 Ib

Figure III. 14 - Mated Bimese

III.5.1. Mated Bimese: LEO

The Bimese was designed so that the mated configuration could lift 60 klb to LEO. Upon
launch fuel is cross-fed from the booster Bimese to the orbiter Bimese, while all eight

engines are ignited. The booster stages at Mach 3.2 (propellant must be off-loaded to do

this) and then performs a hypersonic turn and glides back to the launch site. From here

the orbiter ascends to orbit, with the benefit of a Mach 3.2 boost. Plots of the ascent

trajectory are seen in Figure III. 15a-c.
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Figure III. 15a-c - Time History Plots for Fuel/Thrust-Augmented to LEO
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III.5.2. Mated Bimese Conclusions

The large payload capability of the mated Bimese makes it a candidate for NASA

missions to the space station or heavy lift missions such as the deployment of a large

space telescope. The commercially market for this size payload is unproven, but it is

possible it could be used for multiple manifesting or geo-stationary payload delivery.
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III.6. SUMMARY OF MISSION OPTIONS

A fleet of vehicles has now been established that can deliver a wide range of payloads to

orbit from Kennedy Space Center and (at least from a performance perspective) can

deliver cargoes to terrestrial spaceports in support of a ultra-fast package delivery service.

Except for the fuel-augmented Bimese each of the vehicle seems to have a niche where it
could be used to enter the commercial or government launch market. The vehicles are

shown in Figure III. 16 along with the capabilities.

Mission

LEO Capability
(lb)**

Point-to-point
capability (nmi)*

Single
element

3,900

Fuel-

augmented

0

4,100

Thrust-

augmented
# GEM-10s

2 4

0 9,750

6,050 ?

Thrust/fuel-

augmented
(4 GEM-10s)

15,900

?

Mated

(Bimese)

60,000

** LEO payload delivered to a ! O0 nmi x ! O0 nmi at 28. 5" inclination
* Point-to-point range capability for I klb to 28.5 ° latitude
t These vehicles have essentially global range with a point-to-point cargo equal to their LEO payload

Figure III. 16 - Bimese Payload and Mission Options Summary

For global range fast-package delivery, any of the configurations with orbital capability

would meet the requirements. The thrust-augmented configuration with 2 GEMs

provided the longest range and highest payload capacity in a suborbital configuration

(although still short of trans-Pacific). The simplest and cheapest configuration, the single

element Bimese, is too small to provide more than lightweight cargo delivery (< lklb) to

extreme western Europe from KSC.
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IV. ECONOMIC ANALYSIS

One of the goals of this study is to investigate the economic prospects for a profitable

ultra-fast package delivery business using components of the Bimese architecture. All of

the following economic analyses will assume the creation of a startup fast-package

delivery company named Bimese PTP, Inc. Four economic scenarios will be considered

with assumptions ranging from conservative to very optimistic. The success of each

scenario will be quantified in terms of an Internal Rate of Return (IRR) that is calculated

from an internal cash flow analysis (revenues - expenses and taxes). In the aerospace

sector, a business venture is ordinarily considered to be economically attractive if the IRR

is greater than about 25%. Note that for most of the point-to-point scenarios considered,

any operating synergies between Bimese PTP, Inc. and companies using Bimese

elements in the LEO crew/cargo delivery market are ignored. That is, the Bimese PTP,

Inc. company is considered a separate company and does not share personnel or flight

vehicles with LEO missions. However, three of the four scenarios examined assume

some reusable element production and design cost synergy with an unnamed LEO

company.

IV. 1. THE POINT-TO-POINT FAST PACKAGE MARKET

For the emerging, intercontinental ultra-fast package delivery market, the advantage for

using rocket over aircraft delivery lies in the former's speed of flight. The time for

checkout, truck delivery, and port delay for the two modes are the same. Therefore to see

any real advantage over aircraft, the Bimese must ship goods fast and far to places where

there is a large difference between aircraft trip times and boost-glide trip times. Table

IV.3 shows the advantage rocket delivery has over airplane delivery in terms of trip time

for selected trans-Atlantic and KSC - South American city pairs. Representative prices

from the current aircraft-based fast package market are also given (about $10/lb for a 2

lb. package).

Table IV. 1 - Time of Flight of Aircraft versus Bimese

From To

KSC Madrid

KSC Los Angeles
KSC London

KSC Rio De Janeiro

KSC Paris

Approximate flight

time (hr)

Aircraft

8

3

8

10

9

Bimese

~0.7

~0.5

-0.7

~0.7

-0.7

FedEx next

day air cost

($/lb)

10

7

10

12

13

From Table IV. 1, a rocket-based system can reduce the flight time for package delivery

by over 90% in some cases (longer ranges show better reductions). While this does not

necessarily translate to significant door-to-door time reductions, it is clearly an advantage

for rocket systems. Of course the Bimese has many disadvantages compared to aircraft

systems including: no existing spaceports for vertical launch, high turn around times,
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high startup costs, land overflight issues at lower altitudes, uncertain reliability, and the

use of an unproven vehicle concept. Economically these disadvantages will be hard to

overcome for Bimese PTP, Inc.

IV. 1.1. The Size of the Ultra-Fast Package Delivery Market

The basic assumption in this analysis is that shippers will pay a premium for speed. Just

as companies such as Federal Express and Emory World Wide became economically

successful by offering next-day service within the U.S. and Europe, many believe that

there is a market for next-day (or even same-day) service between long range city pairs.

The size of this market will depend on the price offered to shippers. That is, the ultra-fast

package is assumed to be price elastic. Unfortunately, no universally accepted data exists

for the ultra-fast package delivery market

For the purposes of this study, the fast-package delivery data from NASA's Commercial

Space Transportation Study (CSTS) will be used for order of magnitude analysis. In

general, the CSTS data can be summarized by Figure IV. 1. Note that this figure uses a

log-log scale. Here one can see the upper and lower hounds of the CSTS predicted

markets.

100

_.....t0.5% of predicted fast 50% of predicted
x,_ package market I fast package

_ 10 | capture W/_market capture
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Figure IV. 1 - Point-to-Point Market Summary

If we assume that the average configuration used by Bimese PTP, Inc. will ship an

average of 5,000 lb. per flight and set the lower limit on average package price at $10/lb.

(current aircraft system prices) and the upper limit one order of magnitude higher

($100/lh), then a region of the CSTS data can be bounded within the CSTS data. Note
that the CSTS data for this market consists of an upper limit and a lower limit. The

bounded region corresponds to a revenue of between $0.5 M and $5 M per flight and a

total number of annual flights of the system (all routes) of between 200 and 8000 flights

per year or about 0.5% to 50% of the current aircrafl-hased fast package delivery market.
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Higher package prices (higher premiums over today's prices) result in very low traffic

rates and seem unlikely to justify the required investment to create Bimese PTP, Inc.

Offering lower package prices might be considered a less risky way to enter new market.

That is, it is more reasonable to expect current shippers to pay a premium of 25% - 100%

for faster speed (say, up to $20/1b.) than it is to expect shippers to pay prices a factor of

10 higher than current prices. The former is more of an incremental market expansion,

while the later approach would depend almost exclusively on enticing new, previously

unserviced, shippers to enter the market (e.g. shipment of biological specimens, volatile

pharmaceuticals, or other priority freight). However, it is unlikely that Bimese PTP, Inc.

could offer prices close to or lower than that offered by today's aircraft given the extra

expenses of operating a rocket relative to an aircraft.

Based on these qualitative arguments, the ideal "sweet spot" of the CSTS fast-package

market for a rocket system would seem to lie in the middle to lower right of the box

indicated in Figure IV. 1 -- roughly 2000 flights per year at a revenue of $1M per flight.

Whether the system is actually profitable in that range will be determined in a subsequent

section of this report.

IV. 1.2. The "Ideal" Service Scenario

Before directly considering the economics of Bimese PTP, Inc., an "ideal" service

scenario was envisioned based on the point-to-point payload performance of the Bimese

configurations previously examined.

In order to be successful, Bimese PTP, Inc. will likely need to offer regular scheduled

service between selected city pairs or spaceports between economically developed parts

of the world. Daily weekday service each way between two spaceports would yield

about 500 flights per year. Four routes would be needed to serve the 2000 flight per

market estimated for the CSTS sweet spot above.

Based on performance, Bimese PTP, Inc. would prefer to offer a range of flight

configurations. The longest range and heavy cargo route(s) would be serviced by the

thrust-augmented single element Bimese with four GEM-10 SRB's. This vehicle would

in fact provide global range with up to almost 10,000 lb. of payload. The intermediate

route(s) would be served by the thrust-augmented single element Bimese with only two

GEM-10 SRBs. This configuration provides a sufficient range to reach mid-Europe from

KSC with payloads up to 40 klb. - 60 klb. (and could marginally reach the Pacific-tim

from the west coast of the U.S. with small payloads up to l klb.). Relative to the four

GEM-10 option, the two GEM-10 configuration is expected to be cheaper to operate and

is therefore the preferred workhorse (for a performance point of view). The mated

Bimese configuration requires two flight elements per mission and is thought to be too

"overkill" for servicing the point-to-point market.

Given its limited range, the single element Bimese by itself is undersized for use on a

regularly scheduled service route. Therefore, it is more likely to be used in limited role.

A standby "charter" mode for very high priority, but lightweight cargoes is envisioned.
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From the east coast of the U.S., the single element Bimese might be used to fly cargoes

up to 1 ldb to extreme western Europe or to South America. No more than 50 or so of

these charter flights are expected per year (once per week).

While this "ideal" service scenario would provide the requisite level of service to enable

the ultra-fast package delivery market, it remains to be seen whether it results in a

economically attractive scenario for Bimese PTP, Inc.

IV.2. BIMESE PTP, INC. COST AND OPERATIONS

To estimate IRR for a business scenario, the cost and revenue cash flows must be

predicted as a function of flight rate. Bimese PTP, Inc. will incur both non-recurring

(start-up) costs and recurring costs (variable costs). Non-recurring costs typically consist

of facilities construction costs, flight vehicle DDT&E costs (design, development, testing,

and evaluation), and reusable flight vehicle procurement costs (related to TFU,

theoretical first unit cost, and required fleet size). Recurring costs include procurement

of expendable hardware, ground labor costs, maintenance hardware costs, propellant

costs, and insurance costs. Financing costs (interest on debt) are also accounted for in the

cash flow analysis.

IV.2.1. Economic Assumptions

Bimese PTP, Inc. is assumed to begin to develop the Bimese launch vehicle with

government help in 2007; the entire Bimese program ends in 2037. The transportation

system created is one full generation beyond the Shuttle Transportation System in terms

of the technologies utilized (Gen2 RLV). Production and operations learning curves of

85% have been assumed. All of the cost and business analysis is forecasted using Cost

And Business Analysis Module (CABAM) developed at Georgia Tech's SSDL and all of

the operations modeling is performed using Architecture Assessment Tool-enhanced

(AATe) vl.0 developed by NASA KSC. Monetary units will be given in terms of

constant year 1998 United States dollars.

The TFU and DDT&E for the Bimese launch vehicle were estimated using component-

level weight-based NASA Air Force COst Model (NAFCOM) equations stored in

CABAM. The results obtained for the Bimese airframe and engine are listed in Table

IV.2. The values shown are prior to taking a deduction for government contribution and

include a 20% cost margin for conservatism. The TFU listed for the Bimese liquid

engine is for a single engine, not for a complete flight set of 4. The engines are assumed

to have a lifetime of 250 flights before they need to be replaced and each airframe has a

life of 1,000 flights before it needs to be replaced. For all business cases it will be

assumed that, at the very least, the government pays for 20% of the airframe DDT&E and

100% of the engine DDT&E. For the mission option with payload tanks, the tanks are
assumed to be reusable, and the DDT&E and TFU for these tanks are also listed in Table

IV .2.
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Table IV.2 -Bimese Launch Vehicle Costs

Component DDT&E (MS)

Airframe $ 6,950

Main engine $ 450

Payload tanks $ 95

TFU (MS)

$1,431

$109

$ 20

It is assumed that a separate company makes the GEM-10s and charges Bimese PTP Inc.

a fixed price for the SRB motors. The current GEM on the Delta has a fixed price of

about $1.2M. Taking into account an expected price benefit from volume production and

also the fact that the GEM-10 is scaled up by a factor of about five in terms of mass and

thrust, the GEM-1 O's will be assumed to cost $2M each. As will be shown, this estimate

has a significant effect on the economics of the thrust-augmented single element Bimese

options.

Using AATe (Architecture Assessment Tool from NASA KSC), the turnaround times

between flights of the various Bimese configurations are estimated and listed in Table

IV.3. AATe is grounded in Space Shuttle data and estimates the ground processing time

of advanced space vehicle concepts based on system-by-system order-of-magnitude

comparisons between the current concept and the Space Shuttle. The single element

Bimese is the simplest of the configurations examined and is estimated to have an

average turnaround time of just under two-weeks (leading to an annual flight of about 31

flights per airframe per year). By comparison, a shuttle orbiter requires about 12 - 16

weeks of processing between flights. For the Bimese configurations, there is a slight

increase in turnaround time, as the integration becomes more complex. It is assumed for

the mated Bimese that the preparations before launch and after landing can be done on

the two elements simultaneously. Note that while a two week turnaround time is good

compared to the current space shuttle, it is no where near the turnaround time of a typical

long range aircraft (which can be measured in hours). This variable has a significant

effect on required fleet size for Bimese PTP, Inc. To support the "ideal" scenario of 2000

flights per year, the required fleet size would be about 70 airframes!

Table IV.3. - Turnaround Times for Bimese Configurations

Architectural Configuration

Single element

Thrust-augmented

Fuel-augmented

Thrust/fuel-augmented
Mated

Turn around

time (days)
12

13

13

14

16

Yearly

flight rate
31

28

28

26

23
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Non-recurring construction of facilities cost are assumed to be paid for by a local or

national government investing in a spaceport for possible economic benefits to a region.

That is, the spaceport is assumed to be a comparable fixed infrastructure to a regional

airport and Bimese PTP, Inc. is analogous to an airline operating from a government-

owned spaceport. Operating from this spaceport, Bimese PTP Inc. is assumed to account

for 15% of the total flights and pays a nominal "fee" of $50k - $100k per flight to use the

facilities, launch pads, and runways of the spaceport.

IV.2.2. Recurring Cost Results and Comparisons

Expendable GEM-10 cost, ground personnel labor costs, maintenance hardware cost,

propellant cost, stage integration, and insurance costs sum up to total recurring costs per

flight. Economies of scale are assumed to benefit recurring costs slightly. Figure IV.2

shows the estimated magnitude of these variable costs for each of the five Bimese

configurations examined.
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Figure IV.2 - Average Recurring Costs for Multiple Configurations

450 500

It is quite clear the major effect on the recurring cost is the purchase cost of the GEM-10

SRBs at $2M each. Given that the total revenue goal from section IV. 1.1 is only on the

order of $1M per flight, any configuration with the recurring cost over $1M is

economically infeasible (before amortization of non-recurring costs are even considered).

The fully reusable single element and mated Bimese configurations pass this first-order

cost filter, but all configurations with expendable SRB's do not. This requires a major

rework of the "ideal" service scenario of section IV. 1.2.
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IV.2.3 The "Realistic" Service Scenario

The discussions above create a dilemma for Bimese PTP, Inc. Due to range and payload

requirements, a full global range fast-package service with regularly scheduled routes
requires a thrust-augmented Bimese configuration. The expected ultra-fast package
market only reaches appreciable size when package prices are around $20/1b. so revenue
is limited to under $1M/flight. However, because the thrust-augmented Bimese
configurations use expendable SRB's, their cost quickly exceeds the expected revenues.

Assuming that the single element Bimese design cannot be sized up to carry more
payload or achieve a longer range and further assuming that the use of the mated

configuration for fast package delivery will not be competitive since the fleet size will
essentially be doubled at each site (doubling the non-recurring costs that must be
amortized each flight), the following scenario is established. Bimese PTP, Inc. will offer
only "charter-style" service on single element Bimese vehicles from KSC to points within
its 3,900 nmi range. Payload will be limited to the 1 klb. capacity of this configuration.
Note that the fuel-augmented version of the Bimese could be used where necessary to
extend the range slightly. This option is not modeled explicitly, but the results would not

be expected to change the "realistic" service economic analysis results significantly.

Bimese PTP Inc.'s realistic service scenario is to offer chartered flights of the single

element Bimese across the Atlantic Ocean. To begin the Bimese PTP, Inc. will operate
from four launch sites and as the years go buy ramp up building sites inland on the two

continents. Figure IV.3 shows a representative scenario for the Bimese fast package
delivery system.

London,

Paris, or Madrid

Atlanta

or Miami

Guinea C??)

!ires or Rio De daneiro

Figure IV.3 - Possible Initial Routes for Bimese PTP, Inc. Fast Package Delivery
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IV.3. POINT-TO-POINT BUSINESS ANALYSIS RESULTS

When degrading the level of service from the regularly scheduled "ideal" case to the

trans-Atlantic chartered flight scenario forced by performance and cost considerations,

the CSTS price elasticity curves used in section IV. 1.1 can no longer be relied upon to

estimate the number of flights for a given package price. That is, the number of chartered

trans-Atlantic fast-package flights for the single element Bimese is expected to be

_ignificantly less than the global fast-package market in the CSTS model. However, the

CSTS market demand can serve as an upper bound sanity check for further analysis.

Given the uncertainty in the market size vs. package price, the following economic

analyses treated the market elasticity parametrically. The package delivery price and the

flight rate are varied to determine what they need to be to result in a positive economic

result for the realistic Bimese PTP, Inc. operating scenario. The requirements are then

compared to the traffic levels predicted for global service from the CSTS model.

For estimating the cash flow and internal rate of return of Bimese PTP, Inc, four different

scenario assumptions were considered ranging from conservative to very optimistic.

Recall that the vehicle turnaround time has a major impact on fleet size. Non-recurring

costs (DDT&E and reusable hardware production, related to TFU) must be recouped over

all flights in the model and can be a significant contributor to total cost per flight. For

example, a $25 B non-recurring investment for a system that flies 2000 flights per year

for 30 years would contribute over $400,000 to the per flight cost of a fast-package

delivery flight (not even counting the interest cost associated with the debt!). With these

contributors in mind, the following four scenarios are examined:

1. standard non-recurring cost, standard turnaround time (baseline)

2. reduced turnaround time case

3. reduced non-recurring cost and reduced turnaround time

4. zero non-recurring cost

IV.3.1. Baseline Case Economic Results

The economic results for the baseline case are shown parametrically in Figure IV.4.

Here, the baseline assumptions that the government contributes 20% of airframe DDT&E

and 100% of engine DDT&E are used. The AATe prediction of turnaround time of 12

days for each single element Bimese is also used. Finally, the variable costs from Figure

IV.2 are used for the recurring cost estimates.

Recall that an acceptable IRR is around 25%. Figure IV.4 shows that for the baseline

case, Bimese PTP Inc. requires about $7M per flight of revenue to achieve this goal when

having a flight rate of about 5,000 per year (the highest flight rate considered in this

analysis). At this high price ($7000/1b.), the CSTS market for the entire loglg_b_b1 fast

package market predicts a demand of no more than 20 - 30 flights per year! Clearly, the

baseline assumptions will not result in a positive business case.
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Figure IV.4 - IRR for Bimese Inc. Baseline Case

One problem with the baseline assumptions is the slow turnaround time. To support

5,000 flights per year over the entire scenario, extra Bimese RLV's must be purchased at

each site to fill in for vehicles that are being processed for return to flight. For the

baseline scenario, 171 single element Bimese RLVs would be required to be purchased.

This leads to a fleet acquisition cost of $154 B! Even if the economic return on

investment was attract, this startup cost is well out of the realm of feasibility for a private

startup business venture.

IV.3.2. Reduced Turnaround Time Scenario

As a sensitivity, the second case analyzed assumes that the turnaround time of a single

element Bimese RLV can be reduced significantly to only one day. This is comparable to

assuming "aircraft-like" operations for a reusable launch vehicle. In this case, required

fleet size is no longer governed by the length of time it takes to ready a flight vehicle for

another flight (the processing queue), but rather by the life of the airframe. The life of

the airframe was earlier assumed to be 1,000 flights before replacement (still low by

aircraft standards, but an order of magnitude longer than the Space Shuttle).

The IRR sensitivity for this scenario is shown in Figure IV.5. Again, the desire to obtain

the lowest package price drives the flight rate up significantly. At 5,000 flights/year (the

highest flight rate considered), the price associated with 25% IRR is $6M per flight.

Again, 5,000 flights/year is well outside for the number of flights predicted by the global

market for this price.

At 5,000 flights/year, the assumption of a 1 day turnaround time reduces the fleet size to

144 airframes for the nearly 30 year mission model (with a ramp up to full operating

capacity between 2011 and 2012). Compared to the baseline case, the fleet acquisition

cost is lowered by $51 B, but the total cost is still well out the range of what can be

expected from a private venture.
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Figure IV.5 - IRR for Bimese Inc. with Reduced Turnaround Time

In Figure IV.5, the benefits of fast turnaround time are more evident at low flight rates
where turnaround time determines fleet size rather than airframe life. Lower flight rats

will reduce overall program costs, and if they can be made economically attractive, are a

preferred solution for Bimese PTP, Inc. However, at low flight rates, the DDT&E and

other non-recurring costs become more of a contributor to the economic success. That is,

DDT&E is a more significant component of life cycle cost at low flight rates.

IV.3.3. Reduced Non-Recurring Cost and Turnaround Time Scenario

As a third scenario of assumptions assumptions, the earlier predicted values of TFU and

DDT&E are reduced. Bimese PTP Inc. now has 100% of airframe DDT&E paid by the

government (or other entity) and TFU is assumed to have been reduced by 20%. These

changes might be thought of as the result of a synergy between the single element Bimese

used for fast-package delivery and a government configuration used for an orbital

mission (the mated Bimese). For example, if the government pays for the development

of the Bimese RLV to service the International Space Station, then Bimese PTP, Inc.

might make use of the design work for free. Further, the government could pay a third-

party company to create a production line for manufacturing Bimese RLVs for the

government's mated configuration. Bimese PTP, Inc. could then purchase their single

element Bimese vehicles from the third party at a discount.

The results for this scenario are show in Figure IV.6. From this chart it is seen that the

economics are becoming more reasonable, but the prices still do not match the demand.

Here, charging a price per flight of $6M with only 250 fleet flights per year returns an
IRR of 25%. The fleet size for this scenario is only 8 airframes and the fleet procurement

cost falls to $15 M (DDT&E is zero to Bimese PTP, Inc.). Unfortunately, the predicted

market size for the log!9._b_balmarket at a price of $6M ($6000/1b) is nearly an order of

magnitude lower than 250 trans-Atlantic flights per year required to make this scenario

successful.
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Figure IV.6 - IRR for Bimese Inc. with Reduced DDT&E and TFU

IV.3.4. Zero Non-Recurring Cost

One final case is looked at with the extremely optimistic assumption of zero non-

recurring cost. The government (or some other entity) was assumed to bear the entire

DDT&E cost for the single element Bimese and pay the production cost to have them

produced for Bimese PTP, Inc. The one day turnaround time assumption was also

retained. In this scenario, Bimese PTP, Inc. pays only the direct recurring cost of

operating the single element Bimese RLV on the trans-Atlantic charter flights.

A plot of the IRR sensitivity for this assumption is seen in Figure IV.7. The return on

investment curve is relatively flat for this case (more closely related to the recurring cost

curves) and reveals that a 25% return on investment can be obtained by charging about

$800,000 per trans-Atlantic charter flight and flying 500 times per year or charging about

$1M per flight and flying about 100 flights per year. The IRR = 25% curve actually

crosses the CSTS curve for global demand for fast package services, but recall that the

demand for charter-style trans-Atlantic flights is likely a tenth or less of the global CSTS

market. In addition, the low payload capacity of the single element Bimese (1 klb)

results in a package price of approximately $1000/lb. -- a factor of 100 premium above

current prices. Note that our previous "sweet spot" analysis of the CSTS market had

assumed that the average Bimese configuration would carry 5,000 lb cargo globally,

therefore $1M per flight would have been only $200/1b. The need to avoid the expensive

SRB configurations forced the selection of the less capable single element Bimese for the

point-to-point missions. Unfortunately, the recurring cost alone are still to expensive to

make even the trans-Atlantic fast package market economically attractive for Bimese
PTP, Inc.
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IV.3.5. Economic Analysis Summary

A more detailed breakdown of the economics of the four economic scenarios considered

is given below in Table IV.4. Even with government contributions of $7.4 B and zero

fleet acquisition costs, the price and annual flight rates that Bimese PTP, Inc. requires to

make a 25% IRR clearly exceeds the number of flights estimated to be available at that

price.

Table IV.4 - Economic Indicators for Four Cases

Required Flights/year

Price/flight (MS)

Approximate trans-

Atlantic flights avail.

IRR

Fleet size

Fleet acquisition (B$)

Turn around time (days)
DDT&E Government

Contribution (MS)

TFU (MS)

Baseline

5,000
$7

<10

25%

171

$154

12

$1,850

$1,900

Reduced

turn around

time

5,000

$6

<15

25%

144

$103

1

$1,850

$1,900

Reduced DDT&E,

TFU, and mm

around time

250

$6

<15

25%

8

$15

1

$7,400

$1,500

Recurring

Cost Only

100

$1.0

<25

25%

4

$0
1

$7,400

$0
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In the most optimistic case, the recurring costs alone prove to be too great for the

predicted trans-Atlantic market. Here, a package price of $100/1b (a factor of 10
premium over today's prices) would generate a revenue of only $100,000 per trip. For
the single-element Bimese, direct recurring costs alone contribute over $400,000 of cost

per trip. Paying the launch site fee of $100,000 and adding enough profit to pay taxes,
interest, and still return a 25% IRR raises the required price to over $900,000 per flight.
It does not appear that the Bimese will lead to a successful economic business case given
the assumptions used in the study.
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V. CONCLUSIONS

This study performed an assessment of the Bimese launch vehicle architecture for use as

a vehicle for intercontinental, ultra-fast package delivery. Specifically, the point-to-point

payload performance of several configurations of the rocket-powered Bimese RLV
element were assessed. Then an economic assessment was made to determine the

revenues, costs, and internal rate of return (IRR) for a fictitious Bimese PTP, Inc.

company created to provide the ultra-fast package delivery service. Unfortunately, the

study was unable to identify any attractive business scenario for a Bimese-derived fast-

package service.

The performance analysis examined the point-to-point range capability of a single

element Bimese RLV, a fuel-augmented Bimese RLV, a thrust-augmented Bimese

RLV(augmented with 2 or 4 expendable GEM SRBs), a thrust and fuel-augmented

Bimese RLV, and the nominal "mated" Bimese configuration. Of these configurations,

the single element Bimese was found to have about a 3,900 nmi. range with a 1 klb

payload m marginally sufficient to reach western Europe from KSC, but insufficient to
reach the Pacific rim from the continental U.S. The configuration augmented with two

GEM-10 SRB's can carry significant payload on trans-Atlantic routes and might even be

capable of trans-Pacific service from the west cost of the U.S. This two SRB

configuration was preferred from a suborbital performance point-of-view. The larger

configurations were all capable of making orbit, and therefore could be used to support

long/global range or heavy cargo routes.

A subsequent economic analysis of the expected ultra-fast package delivery market

identified a "sweet spot" at a revenue per flight of around $1M per flight for a vehicle

capable of carrying an average of 5,000 lb. per flight in a 2,000 flight per year global

market. This price point represents a premium of about 100% above today's (aircraft

system) fast package prices and would result in a service that could cut 90% of the flight

time required for long routes. Unfortunately, the preferred mix of Bimese configurations

relied heavily on GEM SRB thrust-augmentation to achieve the required payloads and

ranges. At an estimated price of $2M per booster, the cost of any SRB augmented

configurations was well above the target price of $1M per flight. A case was made for

using the single element Bimese RLV in a limited "charter-style" trans-Atlantic service,

but even with the assumption that Bimese PTP, Inc. paid only the recurring costs of

operating the Bimese on this route, no economically attractive solution was found. Given

the more limited range and payload of the single element Bimese, available revenue

would be reduced to only about $100,000 per flight and even the fully reusable single

element Bimese proves more expensive to operate than the available revenues. Therefore

it was concluded that no attractive economic scenario exists for the assumptions of this

study.

Several key parameters in the current study are responsible for this negative conclusion.

The following observations are offered as potential areas of improvement:
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Reduce Direct Recurring Costs of Rocket Vehicles. The direct recurring cost (labor,

propellant, hardware spares, insurance, and site fee) of a flight vehicle form the

ultimate "price bottom" for any fast package system. Rocket systems are expected to

be more expensive than aircraft to operate on these routes due to higher loads, higher

complexity, smaller margins, etc. While the direct cost of a single element Bimese

RLV at approximately $400,000/flight is already very optimistic by rocket standards,

if rockets are to be competitive in future ultra-fast package delivery missions,

recurring costs must be reduced by an order of magnitude over the already ag_essive

assumptions used in this analysis.

. Increase Size and Range of Single Element Bimese RLV. It was shown that

expendable SRBs could not be used for thrust-augmentation and still meet the

stringent ultra-fast package economic goals. A fully reusable element was the only

attractive solution. Unfortunately, the current single element Bimese (sized for the

mated TSTO mission) is too small in both range and payload capacity for servicing a

global ultra-fast package market. A larger, almost single-stage capable, vehicle with

5,000 lb. of global range payload capacity would be more optimum for this mission.

. Reduce or Share Initial Non-Recurring Costs. The economic scenarios examined

highlight the critical importance of low non-recurring cost to the economic success of

an ultra-fast package delivery market. A company such as Bimese PTP, Inc. has little

chance of economic success if its startup costs (including vehicle DDT&E, facilities

costs, and fleet procurement) are excessive. For a new rocket-based system, this can

easily be 10's or even 100's of billions of dollars for ambitious global flight rates. If

the government can provide a mechanism for reducing this non-recurring cost

(perhaps by a synergistic development of a version of the point-to-point flight vehicle

for civil or military_ orbital missions) then the chance of economic success is greatly

increased. Toward this end, the highly flexible Bimese architecture is an excellent

concept for a synergistic development program. State or federal development of

common spaceport infrastructures (analogous to regional airports) is also important.

. Streamline Rocket Vehicle Ground Operations. The economic scenarios examined

highlighted the need to have very low processing times between flights of a point-to-

point ultra-fast package vehicle. Even using optimistic assumptions, current models

predict turnaround times of around two weeks for rocket-style point-to-point vehicles.

However, to keep fleet sizes low and make maximum use of reusable assets to

support a regular flight schedule, "aircraft-like" turnaround times on the order of a

single day are required.
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APPENDIX A. POST DECKS

A. 1. BIMESE AERODYNAMICS
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-5.-0 2414.

0,-0 02 ].

5.02026.

10,(3 4301.

I 5.0 6624,

20,09003.

25.1 1445.

30.1 3957.

35.1 6547.

095.

-10.-0 551.

-5,-0.2$15.

0,-0.0088,

5.0.26?9,

10,05495,

15.0 837.

20.1 1312.

25.1 4331.

30.17436.

35.2 0636.

II.

-10.-07173.

-5,-0 3726.

0,-0 0278.

5.0317.

10.06617.

15.1.0065.

20.1.3512.

25,1.6Q6,

30,2 0407,

35.2 3855,

2,

-20.-09839.

-10,-0 5237,

0,-00615.

I0,0 4214,

20,0 9001,

30.13604.

40.1 7259.

50.1 8464.

60,1 .M2.

'70.1.2495.

3,

-20,-0 7O06,

-10,-0 3615.

0,-0 0459,

10,02805,

20,06432,

30,1 022.

40,1.3431.

50,I 5251,

60,1 4173,

70,1 I0_19,

4,

-20.-05|25.

-10,-02915,

0,-0 0435,

10,02153.

20,0 5349,

30,0 $$96,

40.1 2059.

50.1 3955.

60.1 3277.

70.1 0571.

6.

-20.-0 45311.

-I 0,-022711,

0,-00395,

10.01612.

20.0 4433,

30.0 7g65.

40.1 1063.

50,1 3057,

60,1 2896,

70,1 0235.

$.

-20,-0 4447,

-10,-0 1995,

0,-0 0377,

I0,0 1356.

20,0 406g,

30.0 7493,

40.1 0731.

50.1 2711.

60,I 2705,

70,1 0143.

I0,

-20.-04252,

-10.-0 IS43.

0,-00367,

I0,0 1215.

20,0 31186,

30,0 7313,

40,1 0573.

50.1 2651,

60,I 2623.

7O.1 0067.

12.

-20,-0 4144.

-10.-01753.

0:-0 036,

I0.0 1135,

20,0 3753,

30,0 7212.

40,1 0452,

50,1 2581.

60.I 2612.

7o.I 0011.

15.

-20,-0 4052.

-10.-0 1673,

0.-0 0352.

I0,0 1063,

20,0 3698.

30,0 7122.

40,1 0395,

50.I 251,

60,1 2569.

70,0 9916.

20.

.20.-03994,

-10,-,016111,

0,-0 0351,

I0,0 1008,

20,0 3649.

30.0 7073.

40.1 0305,

50.1 2419.

60,I 2515,

7O,09723.

25,

-20,-039116.

-10.-0 15ll6,

0.-0 0347.

IO,O 0979,

20,O 3636.

30,0 7O46,

40,1 0305.

50.1 239.

60.1 2414.

70,09517,

$

PStab utble-6hcdt .2.61udpha ,6_nutch ,10,14,$' I,

O,

-I0,0 066.

-5,0 0377.
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0,00277,

5.0 0359,

10,0 0623,

15,0 1068,

20,0 1694,

25,0 2495.

30,0 34|,

35,0 4637.

03,

-10,0 066,

.5.O0377,

0,0 0277,

S,O0359,

10,00623.

15.0 I0611,

20,0 16_4,

2_,02498,

3O,O. 348,

35,04637.

06,

-10,0 0Q05.

-5,00497,

0,0 0311,

5,0.04711,

10,007611,

I S,0 1257,

20,0 1944,

25,0 2526,

30,0 39O4,

35.05174.

O95,

-10,0 125,

-5.0 6818.

0,OO667,

5,0 0799,

10,0 1212,

15,01906,

20,0285,

25.04133,

30,0 5663,

35,0 7467,

I1,

-10,02656,

-5,0 2186,

0.0 2013,

5,0 2168,

I0,0 265 I,

15,0 3461,

2O.O 4596.

25,0 6056,

30,0.7839,

35,09942,

2,

-2O,05259,

-10,0 2359,

0,0 124,

10,0 11173,

20,0 4354,

30,0 111176,

40,15454,

50,221118,

60.2 91174,

70,3 491 I,

3,

-20,0 3903,

-10.01768,

0,0 0967.

10,0 1356,

20,0317,

30,0 6705,

40,1 2044,

$0,111935,

60,2 521 I,

70.30952.

4,

-20.0 3365,

-10,0 1532.

O,OO157,

10,0 1147,

20,026119,

30,0 S$73,

40,1 6843,

50,1 7335,

60,2 3629.

70.2 9511,

6,

.20.0 2935,

-10,0 1337,

0,00768,

10,0097,

20,0 229_.

30,0 5245,

_0,0 9993.

SO, l6241.

60,2.21195,

70,2.$552,

I0,

-20,0273,

-10,0 1233,

0,0 0724,

I 0,0 0076.

20,0 2109.

30,0 4973.

40,0 9043,

50,157911,

60,22411,

70,2.1075,

12.

-20.02717,

-10,0 1222,

0,0072,

10,O04167,

20,02099,

30,0 49_4.

40,09625.

$0,I.57$4,

60,2 2477,

70.2"/915,

15,

-20,0272.

-I0,0 12011,

0,0 0704,

10,00543,

20,02101,

30.0 4986.

40,0 9639,

$0,1 5742,

60,2 2443,

70.2 7652.

20.

-20,0 2698,

-10.0 1178,

0,0 071,

10,0 01127,

20,0 2075,

30,0 4976,

40,09688,

50,I 5782,

60.22446,

70,2 7169,

25,

-20,0 266,

-10,0 12,

0,0 0739.

10.0 6851,

20.0.205.

30,0 4971,

40,0 9646,

50,1 5772.

60.2 2428.

70.26603,

$

I$t_ t_,_d_m _ ,2,6halpha ,6bm_ch .10,15,8" I.

0,

.10,0 0327,

-5,00152,

0,,0 0026,

5.,0 0207,

10,-00392,

15,-0058.

20,-00772,

25,-O 0967,

30,-0 1165,

35,-O 1367,

03,

-10,00327.

-5,0 0152,

O,-O 0026,

5,..00207,

10,-00392,

I 5.,-O 058,

20,-0 0772,

25,-O 0967.

30,-0 1165,

35.-O 1367,

06,

-10,0 0379,

-5,0 0175,

0,-O 0032,

5,-0 0242,

10,-00455.

15,-O 0672,

20,-0 0892,

25.-0 I 117,

30,-0 1345.

35,-0 1575.
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095.

-10,00'392,

-5,0 024$.

0,-000911,

5.-0 0447,

10,-0 Or,

15,-0 1157,

20,-0152,

25,-O 189,

3O,-O2266,

35,-0265.

IL

-I0,0 1043,

-5,00532,

0.0 0021.

5,-0049,

10,-0 IOOI,

IS.-0 1512.

20,-0.2023,

25,-0.2534,

)0,-03045,

35,-0 3S55.

2,

-2O,-0 0274,

-10,-0021,

0,4) 021 I.

10,-0.025$,

20,-00296,

30,-0.0296,

40,-003 !g,

S0,-0OSg4.

60,-0 0775,

70,-01124,

3,

-20,-00364.

-10,-002112.

0,-0 0197,

10,-00134.

20,-00103,

30,-0011 I,

40,-001117,

50,-0 0342,

60.-00591.

70.-0093.

4,

-20.-0 04 [9.

-10,-00322.

0,-00192.

10,-00076.

20,-0 0014+

30;.00026,

40.-00122.

50.-0029.

60,-0 0S56,

70,-00$7g,

6,

-20,-0 0468,

-10,-0036,

0,-0019.

10,4) 0024,

20,0 0063,

30,0 0039.

40,-0 0085,

50,-00277,

60,-0057,

'70,-0 0_67,

8.

-2O.-0 04S6,

-10,-0037"7.

0,-0019,

10,-0 O00L

2O.OOO92,

30,0 0056,

40,-0 0053,

50,-00214,

60,-00572.

70.-00873.

10,

-2O,-0.0493.

-10,-0 03gS,

0.-0019.

10,000l I,

20,0 0104,

30,0.0059,

40,-0 0058,

S0,-0 0295,

60,-0 0577.

?0,4) 0902,

12.

-2O.-0 0495.

-10.-0 03E9.

0,-0 0[9.

10,0 001$,

2O,00105,

30,0 0056,

40,..0 0095,

SO,-0 0303,

60,-0 0566,

70,-00923,

15,

-2O.-OO494,

-10,-0039.

0,-001119.

10,00023.

2O,00l I,

30,0 005 I,

40,-0 0104,

S0,-0 0312,

60.-00573,

70.-00965,

20,

-2O,-0 04$9.

-10,-00397.

0,-00193.

10#0029.

20.00111.

30,00043,

40,-00119,

50,-00324,

60,-0 05113,

70,-0 1045,

25.

-20,-0 0494.

-10,-0 0398,

0:-00193,

10,0003,

20.00113.

30.00039,

40.-0 0125.

5O.-00334.

60,-0 0599,

70.-0 I 1311.

$

PStab tabl_ I! ,2.64ud pha ,6broach ,I0,15.11" I,

0,

-10,-0 021666.

-5.-0021766,

0,-002 ] 666,

5,-0 021b06,

10.-0 0228,

I 5,-0 0228,

2O,-0 0228,

25,-0 0227,

30,-00225,

3S,-0 0228,

03.

-I0,-0 021666,

-S.-0 021766,

0,-0021666.

5:-0021666,

10,-0 0228.

15,-0 0228,

2O,-O 0228,

25,-00227,

30.-0 02211,

35,-0 0228.

06.

-10.-0020004.

-5.-0 020104,

0,-0020104.

S,-002O004,

10,-0034,

15,-0 034,

20.-0 034 I,

2S,-0 034,

30,-0034,

35,-0 0341,

095,

-10,-0 05111$2,

-5.-0.051 $g2.

0,-0 0511g2,

$,.,00511112,

10,-00619.

15,-0 0619,

2O.-OO619,

25.-0 (_19.

30,-0 0619,

35.-0 0619,

II.

-I0,-0 056965,

-S,-00S6865,

0,-0 056965.

5,-0 054M165,

10,-0 0676,

I $,-0 0676,

2O,-0 0676.
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25,-0 0676.

30,-0 0676.

35,-0x_76,

2,

-20,-0 0273114,

- 10,-0 02171M,

0,-0 0292114,

I 0,-0 02171M,

20,-00302,

30,-0027|,

40,-0.0246,

50.-0.0207,

60.-0 0161,

?0,-0OI I.

3,

-20.-0.019262.

-10,-0 019962.

0,4) 020162,

10,-0.019962,

20,-0 0147.

30,-00135,

40,-0OI 19,

$0,-0 01,

60,-0 007l.

?0,-0 0054,

4,

-20,-0 O! 1751,

-10,-0012051,

0,-0 01225 I,

10,-0012051,

20,-000Q5,

30,-00077,

40,-0 0069,

$0,-0 O05S,

60,-0 0045,

70,-0 003 I,

6,

-20,-0 0(]6393,

-10,-0 006593,

0,-0 000593,

10,-0 (X_593,

20,-0 00311,

_0,-0 0034,

40,-0003,

50,-0 0026,

60,-0 002,

?0,-0 0014.

I,

-20,-0 002,

-10,-00022.

0,-0 0022,

10.-0.0022.

20,-00021,

]10,-00019,

40,-0 0017,

50,-0.0014,

60.-0 001 I,

70,-0 000_,

I0,

-20,-0 0013,

-IO,-O 0014,

0,-00015,

10,-4) 0014,

20,-0 _12.

30,-0 001 I,

40,-00009,

f_).-O O00S.

60,-0 0007.

70,-0 0005,

12.

-20+-0 0¢_7.

-10,-0001,

0,.-0 001.

I0,-0.001,

20,-0.0001,

30,-00006,

40,-00005,

50,-0 0005,

60.-0 0004

'70,-0 0003,

15.

-20.-0 O001,

-10,-0 0006,

0,-00<X)6+

10,-0 0006,

20,-0 001_,

3O,-000O1,

40,-0 O001,

50,-00002,

_,..0 0002.

7O,-OOOO2.

20.

-20,-0 0002,

-I0,0 0001,

O,OOO02.

10,0.0002,

20,-00002,

)0,-00003.

40,.0 0003,

50 . -0. 0002,

60,0,

_o, -0 ooo L

.20.0,

-IO,O,

0,0,

tO,O,

20,0,

30,0,

40.0.

50.0,

60,0,

70,0.
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A.2. SINGLE ELEMENT BIMESE: LEO

Iw,k_EARCH

C***eeee*ee**eeeeoeees*e*eeo*ee*eooee*eeeeeeo*oe*e*e**

C LOX/IJ{2 SINGLE BIMESE W/RS2100 Engine (revieed I/U99)

C WB-O03-C Bimeae 0 Klb to 100 nmi

C 211.5 DEGREES INCLINATION

C LATESTWB.Ot)I AERO ADDED 5/6/97

Coe*eeetooo(*(e*eeee*eoooo*oeoo**oeeo*e**eeeo**oeooo*ooe*

C

SgCI'IM - 4, / PROJECTED GRADIENT METHOD

c IPRO - - I, / PRINT FINAL TRAJECTORY ONLY

IOFLAG - 0, I ENGLISH IN - ENGLISH OUT

CONEPS(I) - 89 9. / CONVERGENCE TOLERANCE

CONEPS(2) - .00001. /MIN ALLOWED PERCENTAGE CHANGE

CONEPS(3) = .00001, /

CONEPS(4) - Oo00], /

CONEPS(5) - .00eel, /

Pc'rcc- 001, I

_DI_B-0, / No Detail

C

C OPTIMIZATION VARIABLE

C

OPTVAJIt_ o 6HWEIGHT. / MAXIMIZE FINAL BURNOUT WEIGHT

OPT - I, / MAXIMIZATION FLAG

OPTPH - 500, / PHASE AT WHICH WEIGHT IS MAXIMIZED

WOPT - 000003. / OPTIMIZATION VARIABLE WEIGHTING

MAX]'I'R -40, / MAXIMUM ITERATIONS ALLOWED

C

CllOJllOleOllOeOOOlOeOeOllleellOeeOlOeeOelOeeeeOOeeeel

C

C CONSTRAINT VARIABLES

C

C

NDEPV - 6. I NUMBER OF DEPENDENT VARIABLES USED AS

CONTROLS

DEPVR = 5hsdah. 6HGAMMAI, 3HINC, 5HXMAXI. 5HXMAX2. 5HXMIN2,

/ INSERTION ORBIT CONDITIONS ÷ CONSTRAINTS

DEPVAL - 3038050, 0 0, 2115, 1000,379165. -379165, / INSERTION

ORBIT VALUES + CONSTRAINTS

DEPTL- 500. I,. I, 1, I00. 100, /DESIRED ACCURACIES

DEPPH = .SO0, 500, 500. 500, 500. 500, I EVENTS

IDEPVR = 0, 0, 0, I. I,-I.

C

C

C

C CONTROL VARIABLES

C

C

nindv - 16,

indvr - I5*6hpitpc2.3hLzl,

indph - 15.18.20.30.40.60.65,?0,75,:80,85.go.95.100.105.10,

u = - I.I 12110516660E+O0. 9 5960611141384E-02, 2 4057203120128-02. -

:864711607155098-0 I, -8 524468987230E-0 I.

-7 3651354563738-OI, -6 18549337513 IE-02..I 780915656336E-01..

2:827569253803E-0 I, -2 1171532312698-01,

- 19777225994798-03. -6 911130325641628-02, - I 949655:878951 E-02. -

3901753314:8598-01. - 1 333034&1975OE-01.

It 62 Igo3895029E+01.

u- -9631146612932E-0|. 1.2068533784248-OI, 33?17227863308-02,

-$33549MI35323E-01, -4 79814go076428-01.

-4 0000016111097E-0 I, -4.348020053465 E-O2. - I 41 _419515140E-0 I.

-4.03624501775:8E-O 1, -9 91599116437128-O2,

- 1:85129:8:8967178.-03, -6 9813032568628-O2, - 1.94965587:88951 E-02,

-3 901753314:859E-01. -I 333034S497508..01,

:8621 go3:89.*_029E+0 I,

u- -20430348712388+O0, 1.225369241:872E-01, 2 129(_7327276E-02.-

26111018798002E-01, -8 0781_2072536E-01,

•6011886894:844E-0 I, -7.6066683135778-02, -2.236506111735E-01. -

4 40252685220,1E-01, -I 4060156_1871E-01.

-I .117:8724 $63661 E-03, -I O73245500135E-01, -2 1227:84T721978-02. -

3.4841245753358-01. -I 2350922481248-01,

:8 627362:8834648+0 I.

u" -2041M:82:830768E+00, I 2709516729308-01, I 952917063025E-02,-

2 804HI660241978-01, -8 go2962326go8E-OI.

-7 6006754:839398-0 I, - 1 0575:82:83607:88-0 I, -2 674372552951E-O 1. -

3.18:8M 175:85598-01, -I 783906646S638-01,

-I 1952:82:842109E-03, -I 3960423006:82E-01, -22005711075588..02, -

3.7340176393668-01, -I 2307477092168-0|,

11.62736620575OE+01,

u"-I.92568|152711E+00, 1,27591155494lE.-OI, I 9527237242618-02.-

2 79124_62go038..01. -8 ?01005542814E-OI,

-?. ! 97911?:859824E-01, - 1.036802444:856E-0 l, -2 65683180040:8E-0 I. -

3.2936370489438-01, -I .:8717OD5110567E-01,

-I 8968535731k17E-03, -1 468066280418E,.OI. -2 220930232417E-02. -

.4.361270765231E-0 I, - I 3285839344298-.0 I,

:86252662619378+O1,

u"-1:897293:827039E+00, I 277T75518953E-01. I 952:8117601798-02.-

2 T751297743458-OI, -85174410¢1534OE-01,

-7,045014431499E-0 I, - I 03718.4763853 E-O I, -2.674115124193 E-O I, -

3 358224514068E-01, - I 9_X)500:8231048-01,

-I 8971:887630998-03, - I 48080311WY235E-01, -2.2234707259701E-O2, -

4 437324044731E-OI, -I 3363724770448-01,

:86244008393678+01,

u = -1.8770739:87231E+00, 1279360175615E-01, I 9532:8344242:88-02,-

2 757516305779E-01, -8.3492554425278-01,

-6.87264046814OF_.01 , -1 034497473644E..O1, -2 67995502{X_938-01, -

3.3go31115943458-01, -1 9210gogo3! 758-01,

-1 J974299920358-03, -I.490770425276E-01, -2.2255829011478-O2, -

4 510385567.g12E-OI,-I.3449429223738-OI,

1.623M27566048+0 I.

PERT- 16*l 08-4, /PERTURB

S

C

C TI_OIRY SIMULATION INPUTS

C

Ce*Ooeo*e*ooolo*oooloeooooo@ooooooe**ooo**ooo**I*oe***

I_GENDAT

TITLE - OH* LOX/LH2 BIMESE 28 5 de8 ddivmn8 60 KIb 0.

EVENT- 10, / FIRST EVENT

WGTSG - 1390000. / INITAL LIFTOFF WEIGHT with ADDED FLUIDS

FESN - S00. / FINAL EVENT NUMBER

MAXTIM - I000,/MAXIMUM TIME

ALTMAX = 10000000. I MAXIMUM ALTITUDE ALLOWED

ALTMIN = -5000, /MINIMUM ALTITUDE ALLOWED

PKNC - 0./setup plot file

MONX = 4HDYNP, 41-1FAZB, / MONITOR Q & NORMAL FORCE

PRNT(97) - 5HXMAX l, 5HXMAX2, 5HXMIN2, 6HALT!TO, 4HMACH,

4HDYNP,

4HAMYB, 5HTTMYB. 5HPSTOP. /

IGUID(1) = I,/ INERTIAL EULER ANGLE OPTION

IGUID(2) - 0. / SAME STEERING OPTION FOR ALL CHANNELS

IGUID(4) - I,/CUBIC POLY WITH CONSTANT TERM SET BY

PITPC(I ) = 0, / INITIAL PITCH RATE

YAWPC(I ) = 0, / INITIAL YAW RATE

ROLPC(1 ) = O, / INITIAL ROLL RATE

NPC(I) = 2, / PRINT CONIC BLOCK AT EACH PHASE CHANGE

PINC "20, / PRINT INTERVAL EVERY 20 SECONDS

NPC(2) - I, / FOURTH ORDER RUNGE KUTTA

DT " I. I INTEGRATION STEP SIZE

NIN::(3) - 4, / PLANET RELATIVE INPUT ON VELOCITY VECTOR

VELR = I, / INITIAL VELOCITY AT LAUNCH PAD

GAMMAR - 90., / INITIAL PLANET RELATIVE FLIGHT PATH ANGLE

AZVELR - 0, / INITIAL AZIMUTH ANGLE OF VELR

tzl -go,

NI_(4) = 2. / PLANET RELATIVE INPUT ON ALTITUDE VECTOR

ALTITO - O, / INITIAL ALTITUDE

GDALT - 0.. / INITIAL ALTITUDE

GDLAT - 28 5, / LATITUDE OF LAUNCH SITE

LONG - 280 0, / LONGITUDE OF LAUNCH SITE

LONGI - 2800. / LONGITUDE EAST OF PRIME MERIDIAN

NPC(5) = 5. / 1976 US STANDARD ATMOSPHERE

NPC(6) - 0, / NO WINDS

NPC(7) - I,/ ACCELERATION LIMIT SET

ASMAX = 3 0, /LIMIT ACCELERATION THROUGHOUT TRAJECTORY

LREF = 162 6,/BODY LENGTH FROM NOSE TO BASE

SREF - 35007,/REFERENCE AREA FOR ORBITER ONLY

blPC(:8) - 2, / CL, CD & CM TABLE INPUTS

NPC(9) - I, / ROCKET ENGINE WITH THRUST TABLE AND ISPVAC

NP_ 10) - 0, / STATIC TRIM IN PITCH

GXP(I) = 1602,/X-LOCATION OF ENGINE GIMBAL MEASURED FROM

NOSE

ITRIM - I, / TRIM WITH ENGINE DEFLECTIONS ONLY

IENGT = l. I CALCULATE ENGINE INCIDENCE ANGLES FROM STATIC

TI_M EQUATIONS

N_ I I) = O, I NO FUNCTIONAL INEQUALITY CONSTRAINTS

NPC(I 2)" 3, I CALCULATE CROSSRANGE AND DOWNRANGE BASED

ON ORBIT

ALTREF - 1000. / 100 NMI CIRCULAR MILE REFF-_"NCE ORBIT

AZREF = 0, I AZIMUTH REFERENCE

NIN:(I 3) = O, / DO NOT JE'ITI SON PROPELLANT

N1W,(14) - 0, I NO HOLDDOWN BEFOKE LIFrOFF

NPC(I 5) = 0, / DO NOT CALCULATE AEROHEATTNG

_16) = O, / USE OBLATE EARTH GRAVITY MODEL

c NPC(I 7) = 2, I .IET'rlSON BOOSTEX

NPC(18) - 0, IDO NOT TERMINATE TRAJECTORY

C NPC(I 9) - 0. I DO NOT PRINT INPUT CONDITION SUMMARIES

Nl_(20) - 0, / DO NOT USE ANY SPECIAL DT CALCULATION

MPC(21) = 0, / DO NOT CALCULATE FUEL AND OXIDIZER WEIGHTS

AND VOLUMES

NPC(22) = 0. / DO NOT CALCULATE TI_OTrLING

NPC(23) - 0, / DO NOT COMPUTE VELOCITY MARGINS

N!_(24) - O, / DO NOT COMPUTE ANY PARAMETER INTEGRALS
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N_..(25) - 3. / COMPL_E VELOCITY LOSSES AND PRJNT AT EACH

1_26) - 0, / NO SPECIAL AEROI'_ATING CALCULATIONS
N1_..(27) - 0, / DO NOT INTEGRATE ENGINE FLOWRATES

IWPF(I) = I, / INTEGI_TE BOOSTER FLOW PATES
NI_2|) = 0, / TRACKING STATION OPTION NOT USED
NPC(29) = 0. / DO NOT COE,I_UTE VACUUM IMPACT POINTS
NPC(30) = O, / USE N-STAGE VEHICLE WEIGHT MODEL
IENOA(!)" l. I THROTTLE ORBITER
IENGMF(I) - I. IORBITER ROCKETS ARE ON
iWOF(I ) - I, I CALCULATE OKBITER FLOW PATES AS A TABLE

LOOKUP
NENG - I. I M NUMBER OF THRUSTING MINES

NPC(3 i). g. / NO VEI_AL EQUINOX, SUN SHADOW, SUN ANGLE

CALCULATIONS

HPC(32) - O./NO PARACHUTE DRAG
N_33) - 0, / NO ARC LENGTH CALCULATIONS
N1_34) - O, / NO KEP_AN STATE CAJ_ULATIONS
NI_(35) - O,! NO SENSED VELOCITY INCREMENT CALCULATIONS
NI_ 36)- 0, / DO NOT ACTIVATE SUNLIGHT OPTIONS
NPC(37) - O, / DO NOT ACTIVATE DATE OPTION
NPCOS) = 0. /NO AT'MOSPI-nERIC TURBULENCE

1_39) = O, / NO ATIMIOSIq'IEJRICGUSTS
NI,CA4O) - I,/

$
PSTBLMLT

TVC IM - 3.335 I, I _ mul6plia for O_w
WDI M - 33351. / Flow _ multiplier for O_u_
AEIM. 3 335 I. / Exit arm muhiplier for Ocbiter
$
PSI"AB
TABLE - 5HTVCIT, 0,531500,I VACUUM MUST OF O_u_ _Bne

$
PSTAB

TABLE = 4HWDIT,0,] 199 77. / FLOW RATE OF Mler enjline

$
PSTAB

TABLE - 41.U_IT, 0.33 551t.I EXIT &REA OF Orbiter cr4Pne

$
PSTAB T ABLE = 4HXCGT, I.M_VEIGHT.2.1 ,- I. 1,

20064_.123 51,1M?O,115.50,
S
P$'rAB TABI_E-5_,0,10990.

S
PSTAB TABLE-5_,0.0.
$

• include '/bomeJaKII 1fjmoley/pom/BIMESE/bimme a_o'
ENDPHS = I.
$

evml-! 5,cnu'4htime.vMue"OT,mdP hs=],

ismd(4)"0,
$
IS_u
evml= I $.ctiw-4Mime,value- 17,mdphs= I.
S

,_m-20.c_u-4ht/mcv*lue- 30.eedphs- I,
$

memt. 30,criu-41va me,vldue-40.mdphs = I.
$

ISSm_
evmt.-40,cri u-4hu me.v*lue-60.mdphr I.
$

evem=60,cri_.4hd me.vMue-SO.mdp_ = I,
S

_m.e._5._iw-4htir_. v.a ue- I lO.mdp_= I,
$

,SSmmu
eve_p.70.aim n_.vldue-- IS0.w_lPhI - I.
$

event-? _.cnlz-.4h_me.v;due- 170.emdphs=I.

$
ISs_d_
evenmlm.cnu-41nime.vakJ'200.mdl_*- I.
$

evum-II 5.cnu-4hum_value-230.mdF_" I.
$
'Sse_d_

$

ISse,d_
evem-95.cnU_lh_ime.value-250.encip_" i.
$

,Se,nd_
evam. 100.criU-4bi_me_va_'- 300.eedl_S- I.

$

evem- i0$.c_iu-4h_ me.value- 320.endphs=1.

$

c _s evem ma_s injmiom into mbi,
ev_t=_OO._itr-4hvdi,value=25555 000,
ENDPHS = I.
END|OB- |,

EHDPRB - I,
S
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A.3. THRUST-AUGMENTED BIMESE: LEO

pSmu_

¢,,o,=,ooo***,o**o****oooeeooo***o*ooo****************

¢ LOX/LH2 S_nllle Bi_ w/*oli_

c _.003..c bim_¢

¢ lal_l v_o-,0011mro I_k_d 5/6/97

******************************************************

¢

¢ Aacem o_

c Sin*Me Bimme wtldi ,4- to s 100 lemi x 50 eumi x 25.5 de_reu indiNm0m

C Jdtr_s Todey. Sept 1999

c

¢ Opdmi=ation V.ti*bl=

¢

m=hm * 4. / I_je¢_l ip_em mee_od

- 0. / mMim i, - ee_im out

olptvw - 6hweillhl., I maximiae final bunmul weilp_t

oPt - I. / emucimizaSon f_

op_ - SO0. / p_ule It which n$_ i$ meximized

- .000003. / ol_mi.'--om vmi_le v_llhfinll

meacitr - 40. / maximum imtliom Mlowed

¢oMpe( I ) - 89 9. I coeweqlem¢_ toke'm_e

conq_ 2) = .00001, / rain adlowed _ d_mE¢

¢om_3)-0eOOl. /

cone_4) - oooo1, /

coe, e_ S) - 00001, /

pct¢_=_ OO l , I

ida-O, I no de_Jl

¢

¢

c Depe=xl_t Vm'i=bk=(con=u=nts)

c

" I I. / numbo" o_depatdem Vlmibles

depvr - Shlldait, 6hgammai, 3hinc, Shxmaxl, 5hxmax2, 5hxmin2, 5hvdi,

5Exlmuc4, 5hxmax5.5hxmin5,ShxminT,

dep,vid = 303805, 00, 2115, 1000., 379165, .379165, 25555, 3, 10001,

0.19999, 0 19999,

dleptl -500, 1. 1, I. 1(30. 100. 100. I, 001. 001. 001./ck_ired io_urlme=

deT4_ = _pO. _O. 500. 500. 500. 500. _OO. 500. -14. 500. 500J evems

idq_t - O, O, O, 1, 1,-I,0, I, I,-1,-1,

¢

¢

c _t Vmab|a

c

randy = 15.

indw - 12*6hpitW.2.31ulzl.TEwnp_.Mte_p¢l.

indph = 15.16.20o30.40.bO.65.70.?5.SO.$5.90.IO.IOA4.

pro1" 15"10e-4. / pcrlurb

¢

¢

c imfill _ for i_q_dem v_4u (kin m only)

c

/u Ilem molcx
/

A_ fo_ T - 12_000 m_l tb - 50

u= -1.016611483083E+00, -8 734921040992E-OI, -7.291116204_53646-01, -

I $37542534798E-01, -I 2001602732336'-OI,

-2.7093527650226-0 I, -I O5616151345'76-01, -3 11995921287596-01, -

I 663 ] 52629391 E-01, - I 1560002062266-,01,

-9 115640959624E-05, .8 100390625086E-03, $ 630_739277196+'01,

I 174842158622E+06, 7 75283503225gE-0 I,

/

/us fo_T = 1250000 and tb = 75

u- - I 016457161331E-*-O0. -7 6616969317536-0 I, .930_4454224366-0 I, -

I.$125022633326-0 I. -I 1615040356426-01,

-2.5547359623256-0 I. - I 0127114101591 E-01. -3 4206891111_ 571E-O I. -

1550161341920E-01. -I 1149931916056-01,

-9. 1154530422_E-05, -1103546011111165E-03. $63200246765OE+01,

I A $42162637_.E+O6, 9 0900369110025E-01,

/

/m for T - 1250000 _m_ tb= I00

w" *I 0131271141026+O0, -7 62135T946253F..,-OI, .93360930405016-01, -

I $22677980_4E-01, -I 1706"r7279692E-O 1,

-2.61S005f_0714E-01, -I 025550027732E-01, -3._933474143E-01, -

1590316364633E-01, -I. 119607963055E-0 I,

-9.11 $45245220OE-05,4043631635$386-03, 11.632301112353E+OI,

I 1U241455DOSE+06, 9.4151034972696-01,

I

Ata for T- 1250000 and tb = 125

w" -I .23053390419'764-00, -5 7405277759796-01, -7.399542061065E-01, -

53122747012196-01. -I 4955105959196-01,

-I 7209204613,446.-01, -I 9960112037526,-01, -23544736502796-01, -

I 599_05371693E-01, -9 $67565955230E-02.

-9 1171461_07106-05, -7 61 ?0179_E-03, $ 632095046949E+01,

I 191119712313E+06. 9 954371032355E-01,

/

Am for T- 1500000 m_d tb = 50

u = -I 021634553664E+00, .8 9522492652196-01, -7OU0162025256-01, -

I $1301113111513E-01,-1 15516996,4731E-OI.

-266894810349OE-01. -I 05267395672TE-01, -31645|5607856E..OI, -

I 660365592192E-0 I, - I, I _t965926575E.,.01,

-9 118623132244E-O5, -8 0916392573526.,03, II 630_563026536+01.

1 1795136115756+O6, 6 723180739283E-01,

/

_ for T - 150¢000 _md Ib - 75

u," - I 02,4092069128E-*-00, -7 4442110,465,066-0 I, -9.7513030638966.,O1, -

I 7392115777821E..01,-I 13_14394193976-01.

-2 451072795132E-0 l, *9 971374051325E-02. -3.255167753522E-O 1. -

1 569657170385E-OI, - I 109599670444E-01.

-9,111NI629470_IF_.-05. -8 024675635726E-03, It 632000337253E+01,

I 159412235105E+06, $ 4M451753591E-01,

/

Am focT" 1500000 and t5 = 100

t_" -I 077524926498E+O0...6494411690905E-O1 -I .0300074719726+00. -

2.5390629561696-OI, -I $4108340958TE-01,

- 1.41114294801796-0 I, - 11171145333 _lTE-0 l, -2 45711044939371[-0 I, -

1.95565566 ] 5406-01, -1.001712559494E-01,

-9 I 17326945552E-05, -7 673542691352E-03, $,632905609775E+01.

I 19567060_738E+06, 911084371359TTIE-01,

/

/ua for T - 1500(X)0 a_l tb - 125

u,,, -I 0_3483704817E+00, -6.29934259112OE-01 -7,579326_3569E-01, -

4 345036006134E-01, -1 55T763536568E-01,

-I 792066506223E-01,-2 25750491bO82E-01,-2 637245432764E-01, *

1 9111213733257E-OI, -9 9727 ! 7688620E-02,

-9 I 1721902 | 412E-O5, -7 639170094409E-O3, $ 631032457455E+OI,

I 195937405551E+06, $ 69027227CI267E-01,

/

AU* for T - 175(X)O0 lind _ = 50

u- .10301190331152E+O0, .8 $192377755026-OI -6041527647271E-01,-

3 0511207695465E-01, -10B$I42498372E-OI,

-I 712496699250E-01. -2 441455892383E-01, -3 102574400097"E-01. -

I $37601913347E-01. -I 376444393257E-01,

• 9 118454331076E-05. -810033560861 IE-03. $630230556672E+OI.

1 183879192962E+06, 47532231164.111E-01.

/

Ax* for T - 1750000 |l_d _ = 75

u= -I 012561059250E+00, .8 109375603,400E-01 ..6 It8351451_50OE-01, -

3 O825364264466-01,-1 074713990997E-01,

-1 6955779162356-0 I, -2 41461290_ 123 E-O I, -3 0665621632926-0 I, -

1 770676798990E-01, .1 3859,42045407E-.01,

-9 118512509890E-05, -8 133636325475E-03. $ 629974593443E+01.

I 194725675159E+06, 5 6116573542535E-01,

/

/us foe T- 175(X)O0 Irl*d tb " 100

U= -II 19644404139E+00, .?.299236742014E-01 -6 290610811593E-01, -

2 995262279759E-01.-I 0_9327620667E-01,

-1 715299865060E-0 I. -2 672650478202E-O L -3 620041714477E-0 I. *

I 939629147075E-01,-I 493bO2505291E-01,

-9 115639505532E'05. -8.221611226273 IE-03, 1 625254920542E+CI1.

1 201342294671E+06, 5 3311531737613E-01.

/

/us foe T = 1750000 and tb- 125

u" -10344906219_5E+00. -6 296869070388E-01 -7 476293309793E-01. -

3.$665997777066-0 I, - 1.520_75057466E.-0 I,

- I 799567320494E-0 I. -2 43139611 $968E-01, -2 89075015374TE-0 I. -

2 5823131130897E-01.-I 045033211370E-01.

-9 117250966751E-05, .7 642675498764tE-03. $ 6295T74705656+01.

1 206729464637E+06, 7 224136914508E-01,

/

An fo_ T = 2(X300_ and tb = _0

u" .1.0417005746366+O0,-9,1130605892516-01 -60_17454279556-01.-

3.00465356_766-01, -I 074458353958E-01.

-I .063550530455E-01, -2 331437685358E-01. -2 92010595_44E-01, -

I,$125984773046-01, -I 3627823269976-01,

-9 115401607201E-05, -8 0_35576703ME-03. $ 630657520541E+OI,

I I$8357998283E+06. 4 579755706971E-01,

/

/u* for T = 2000000 aad tb - 75

u- *9 938943556588E-01, .7 196945397596E-01. -8 353322964457E-01, -

3 516069T$5664E-01. -1 3930930_6263E-.01.

-I.52615553164 IE-01, -1 891147042551E-01, -2,250_14302004E-01, -

2 423031024078E-0 I, * IO140U8163fdlE-0 I.

-9 117107450505E-O5, -7 61112103100_-03, 8 630657120469E+0 I.

1201122_10204E+O6, £8772652B5799E-OI,

I

A_ fro" T - 2000000 m_d tb - 100

u- -I 025359506951E+00, -6 63M925199736-01. -8 155552501225E-01. -

3 676142214755E-01,-I 440107219982E-01,

-I .603595421557E-OI, -2 I 1719f_41724E..O I, -2 4926777_574E-0 I, -

2 472155313723E-01. -I 02212141t46114E-O1,

-9 117167445545E-O5. -7 626472284749E-03, $ 630347099111E+OI.

12101135111653E+O6. 6.42930e137273E-OI,

/

/Us for T - 2000000 lind tb = 125

u" -I 0244647133_OE+00, -6311_,3424471E-OI, -7 6911_71103663E-01, -

3 8366673595596-01. - I _03173629751E-O I,
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-I _E-OI..2.3624_,461379E-01..2 12707a427946E-Ol, .

2 $46a14812394E-01, .i 0324051122$0E-O1,

-9 1172316161f_:-OS, -7 634991337UgE-03. 8 6297331533SSE401,

I 214971202342E'_. 7023112529S12SE-OI,

!

/m for T - 2000000 Imli Ib - I00

u'- -1 M34537041 ITE,*-00, -6299342591120E-OI, .7 5793266a3569E-01. -

4.348036006134F..-01, -1.$$T763_36568E'OI,

*1 _223E-01, .2,257f*Glg1601/E-O1, -2 63724M32764E-OI, -

I 911213T332STE-OI. -9 972717f_1620E-02,

.9 I I ?219021412E-OS. -7,6391 ?0094409E-03, $ 631032457455E'*OI.

I 19e93740555 lee06, $,6q027"2,2?0267E,,01,

S

¢

¢

c BEGIN EVENT USTING * tmj*omry simulation inpuU

¢

psmam
6de - 0P LOX/U-12 Bimme 213 do$ dldivmng 60 Idb ",

evwm- 10. I tim r_mt

c

e m4putzeup
c

Ipc(i I)" 0. / uo Eau_i_ml in_i_ oommunts

f_n - 5GO. / flnM _,mz nmnb_

_l) - 2. / wire _mic Mo_ ",' inch #m_ ¢_ge

qx(2) - I, / fourth o_lar mqp kutm

dl - I, / inzelFl_on INp size

np¢(20) = O. I do on* me ony upecial • _culation

Iq_23)" 3. I Connpuze vdocily IOm_ lind print nt _ time
mmm -m 10GO, / maximum lime

adun_ - 10000000.. I maximum dlimdo allowed

allmin - -5000. I minimum altizude allowed

pmc = O,/*UUlP plo* file

monx = 4hdynp, 4M'ub, 51mlphA. 4hlumql. 4h_.i • 4hemJ J monitor q &

mmmud force

FnKq7) - _cm_cl. 5hxeupc2. 5hxmin2, 6_ltito. 41,ama_, 4M_p. 3hwdl,

3hwd2.

im1(103) = 3hwl_l, 5hWlXP2,4Mm_, 31"_m_yb, 3hxm_x3, 3hxmin3,

Shxmin6d

¢

¢

c Cmid*noe ,mup

¢

iamd(l ) - 1, I i_M eula. mqlle o_on

il_d(2) - O, I _ sm_dn8 oplion for MI c_mnds

ilmci(4) = I, / cubic pdy with conlmmt term m by input

piq_o(i) - 0.. / initial pit_ rm

yswp_ I) - O. / imti -I yew rate

rdp_l) - 0.. I miliM roll m_

c

c

c _ rd_fiv_ C_npononU.

c

nl_(3) = 4. I l_anntn_hmve inlPm on valoni_ vector

vdr" I, / ini6M vdocily ,* launch led

i_nm*.r - 90, I initidpi_ ral*live flillu pe_ unlile

uvdr - O, / imthd mdmulE onsle o(vdr

md -90.

nlp¢( 12 ) - 3. I c_JculeZe _'ounmF md dowm14_ M_d on orbit

allr_" - I00 0, / I00 nmi cir_d_ mile re(e*znce orbit

az_( - 0. I azimuth n_'mmce

¢

¢

c Ew'th Launch She

c

n_(4) - 2. / p_an_ ndadv_ inpm on Mtiuxle recur

attire - 0. I ini_d altitude

I_t" 0. / initial allintd¢

idlm - 213. / Imnt_ d'laum:h size

Iona = 210 0. / Ionlpmde of hund_ dze

Io_ - 7._0 O, I Ionlpmdo _ of p6rn_ meridi_',

¢

¢

c E_ mmoq_ inpms
c

nlp_3) = 3,/1976 u_ _Kl_rcl emm_her_

_¢(6) = 0./on wmdz

¢

¢

c Earth @uvily

c nl_(16) - O, / zm oM**,* onndz F*Vity model

¢

¢

c Limit ac_d_nuion

c

qm(7) - I. / do not limit _mlion

immax - 3 0. / limit acx;_rmion _ Iz_ec4o_

¢

c

c /_rodynami¢ ond Tam ]Mze (Tablm dov_ below)

¢

nl_8) = 2, / d, M & _ mbleinpuU

ind" = Iti26,&odyl_llth fmmno_tohme

m'lde - 3_}7,/nd'e_*c_ _ for nt_i_r only

hill0) - 0, / _lic Idm in pild*

pp(I) - 160 2./x-locmion d" maion II imbd monmr'q Fr°m on*e

imm - I, / idm wids _e ddleclimm oMy

nlx(i 3) = O, / do no* radod_e m'oheminll

np¢(26) - 0, / no *,_cial _rohe_nll calcu_lmm

np_3$) - O, / no _noq_mc ubuie_

r,q_(39) - O, / no Mmonphenc IIwu

mq_(_o) - I, /
¢

¢

¢ PnWl,_veDm

czq_(9) = I, I r0cke_ eniline with Ihrusl ruble ond iq_v_c

ionlp = I, / ,'-_mlwH_iine incidono_ mlilm from mm¢ m m _q umimm

npo(13)- o, / donmira*on pmpdlam
n1_22) = 2, / _t m Io value inpul_d by mqP_

euq_(I)- I.O,/thro"qevalon

nll_(2_) - 0, / do nm in_lnse eqline flownn_

i,,_ I) - 1,1. i imqmze W mM _Wp now mlm

rammingis Idndor mnpi_-.nt.d
/_e eqliM mn be Ihr_led m mw_ dymunic pr_mur_ ond wina J_liqi

/_u-aints dudni uoenL b_ the zdid moU_z _ be duro_

ionc¢ tM vd_e i_ to 35's _ pore is iNmU_M m limit li_ *oc m 3

iemli_(I) - .1,0, / dzxoale o_l_m' wiqi imput _L but no_ zerlP om

imqp, nf_ I) - I. I, / oddlm' mlxl romp rodr, m. um on

i',_'f I.I. h_e i_ wc

- l,
nmlh - 2, _llha_munt_a'ofonainm
monmk - 1,2, /mlpmchmsineloisPeaficzenk

'_I) - 7 529_3,/-,*,qm_ht of m'b prol_Imt

m_.tp - 1.2.
c

¢

c Weight modd

¢nlx_(I 7) = 2, / _tlimn booma

alx_(30) - 3,/u_ n-mqle vekicle w_iilht model

,,,_p_l) - .'_3_)'.,e3./drywnii_t ofsrb
wN)d(2 ) - 1218253 JlmmMd i_ o( o_im"

¢

¢

¢ I_mdom Stuff

c

_ix(14) - 0, / no I*dddown beforz lif_ff"

ap_ III) - 0, / do mx zermiMze uqe¢lop/

nl_(21 ) = 0, / do nol calml_ fuel and oni'_za w_il_u* _md volumm

npc(23) = O, I do nm om_pu_ vdoci_y mmllins

np_(24) = O, / do hoe compuze I_ _ imellmls

npc(21) - 0. / ncMn8 sumon OlpUon not L_

n1_29) - 0. I do ux c_mpuze vac_un iml_nt poinu

iq_(3 I). O, / i_ vemni Nuln_,. I_ MMIdow. lure eqlJe caloudmions

np¢(32)" O,/on Imnu:huze d_

np¢(33) - O, / no _c Ionl_ cilcuimions

n_(34) = 0. / no keFiahm rune c_dcul_iom

nl_(3_) = 0, Ino _ vek_y i_ calc_d,mons

n1_(36 ) - O, / do not _vme mmiisht Ol_Om

n1_(37) - 0, / do nol uc_v_ dnte op6on

¢

¢

c Tables

p$1blmlt

_dm- I I.

- 3 3331, / _ muJliplim" for o_m

wd2m - 3.3351, / flow mue mutbpli_ for o_il_"

w.2m - 3 335 I, / exit wu* mul6plim for orbizer

$

psmb
tlbie - 5hrv¢21, 0,331 SO0., I vemum b_u_ of orbiim" marne

$

psu_
lable - 9nvcll_ 0,2 2_e6, / vl_uum _ _ umq_-om enlpn_

S

pSu_
_ble - 4h.wd21,0,1199 T?, I flow rme d* _uu' eqP n_

$

pSu_
tlble - 4hwd I t,0,$140. / L_o'w m'e d" muP-on_ mlP ne

$

pSu_
fable - 4hu2_ 0.33 338, I l_it ares o( _nim. onzi_

$

zeble = 41_elt, 0.11373./a it m'u ot m_p.om onlPne

$

p$_b -,,hie - 4hxClp.l,6,hwaaht.2.1.- 1.1,

2QO6450,123 31,1341r/o,I 15,50,

$
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pS_ I_e-Skamd_O,109 90,
$

mbl_Sl_rdkO,O.

$

*itwJude '/_ml/mMfl I_tooley/pomt/BIMESE._ meue e,m'o'
mdlphs = 1,

evee_ 14, I,aiu - Shtim¢.

value = 20, /chanie throWe m occekm_on limitln8
mlux(S) - O, /rimer throWe m can make ma'e etap_ I) im't tm to d_,ve ceae

e_lll_s - I.
S

S

$

I |, l.clitr_bum&
vMue = 2999, Ictmnse b'smede to accdemim limitinS

illuid(4)_2,
nl_(7) - I. / limit Kcder_on

imemtx = 3.0, / limit acce..lerwom to 3 $'t
ape(22) - 2,
iwqpK I) - 0,1, / lhroWe od_tef mini; ace limit, bus nm tulip onl
ettp_l)= l.
mctphs =1.
S

ISmmd_t
evee_ 19. i ,mt;-SbWl_ I.value'O.
v"lue =0, /turn m ne'w uelpue when la lage fred is empty

-2,
ieqp,fll) =o, Iw_pome_
apc(7) - I. / limit aoceJeraliom

ismax - 3 O, / limit itc_lemb_ to 3 _*
a@c(22) - 2,
imp( I ) = 0.I. / throtde oebiter t_n B *¢c. limit
rope(t)- I.

S

pS_lmh
odin= 1.0,

S

table - 5hrvc21, 0,531500. I vtcuura thnu_t of orbite_ emgine
endphs = l.
$

tSee,a,
evmt=20.cnu-41mme.vMue=51.mdphs= l.
$
m_

event_ 30.cn tr_4htime, vId_,ee_ph$ - I,
$

_S_

event-40.cn tr-4htime, v*Jue- I IO,md_s= I,
$

ISmm_t
event,-60,c_iu-,Ihtime, vMue-140,mdphs- 1,
$

event=65 .cn tr-4htime.vld ue= 170,endphs= l,
S

evem- 70.cntr=4htime.vMue.-2OO.mdl_t - I.
S

evm_75.c_iU-4h6me.vMue-730.mdld_- 1.
$

evemt-80.m u-4htime.vakte-240.mdphs - I.
$
IS_ex_,
evem'-I 5.c_itr-4htime.vaJue-250.mdphs= I o
$

ISe,,,d_
evem-90.cn u-4htime, v_Jue-2_O.mdp_ = |.
$

tSm,x_
¢ dds event mark* injeclion into o_oit
evmt= _O.critr=Shwprop.vMue=-9997) 3.

eedphs - I,

a,,djob= ],

$
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A.4. MATED BIMESE: LEO

mEARCH

C,Oeoeelte,eeeoeo**eeoeoo*eeoe*oee*eeoe*eeeo***e**oI***

C LOX/LH2 BIMESE W/ItS2lOOEnlPr_(rt_md 1/I/99)

C WB-O03-C Bimme 60 Klb to 1()0 reni

C 285 DEGREES INCLINATION

C LATESTWB-001AFAtOADDED$/6J97

Ce,eoeo,oeeeoe,oeoeeeeu*oeeee**oeeleeeeeo Jeeeeeeeooeoo

C

_C1'_4 = 4, / FIR.OJECTED C_ADIENT METHOD

C UPR,O - -l. / PRINT FINAL TKAJrECTORY ONLY

IOR..AG - O. / ENGLISH IN - ENGLISH OUT

CONEPS(I) * 899, ICOP_cROENCE TOLERANCE

CONEP_2) - 00001. / MIN ALLOWED PERCENTAGE CHANGE

CONEPS(3) - .O0001, /

CO_4) - 0O0Ol. /

CONEPSO) - .00001, /

FCTCC= 001, /

IDEB-0. / No Derail

C

COe,eoeeooeeoeloeeeeoo*eee**oeoeeo*eeeeeoeee*eoo*eeeee

C OPTIMIZATION VALUABLE

Ceeeeeseeeeoe**eeeeoomeee***eo*eo**eee***e***o****o***

C

OPTVA._ - 611WEIGHT, / MAX_IIZE FINAL BURNOUT WEIGHT

OPT = I, / MAXIMLZATH)N FLAG

- 500, / PHASE AT WHICH WEIGHT IS MAXIMIZED

WOPT - 000003. IOPTIMIZATION VARIABLE WEIGHTING

MAXITR = -I,/MAXIMUM ITER.ATIONS ALLOWED

C

Ce,eeeeee*,eeele*eeeeeoeeeee,eeeeeeo*eeeeeeeeeeeeoeeee

C

C CONSTRAINT VALUABLES

C

Ceeeel,,,eeo*e***ooel=*eeole*e*,eeeoee*,ee***o*o, ee*ee

C

NDEPV " 6. / NUMBER OF DEPENDENT VARL_BLES USED AS

CONTROLS

DEPV_ = 5HGDALT. 6HGAMMAI, 3HINC, 5HXMAXI, 5HXMAX2,

SHXMIN2, / INSERTION OI_BIT CONDITIONS + CONSTRA_ITS

DEPVAL = 30311050, 00. 21 5, I000,379165, -3T9165 +/ INSERTION

ORBIT VALUES + CONSTRAINTS

DEPTL - 3000, ]. I. I, IO0. 100, / DESIRED ACCURACIF.S

DEPPH = _0. _0. 500. S00, SO0, _0. / EVENTS

_r.PVR = 0, 0.0. I, I,-1.

C

Ce.ee****eeee.ee*e*e*,l,***ee****eeee*e*eee****eee**ee**

C

C CONTROL VARIABLES

C

CeOOle*ee+e*e*l*le**e*e,eeee*eo,*,e*e*****e eoo'''eeee*

C

nindv = 16,

indvr = 15*6hpitpc2,31ut_,

indph - 15,18,20.30.40,60,65,70.75,80,85.90.95,100.105,10,

u" .9631146612932E-01, I 206115337_124E-01. 3 371722786330E-02.

4 33_195035323E-O|. -4 798149007642E-OI,

•,4 00000168]097E-01, -434SO20053465E-02. -I 415.419515140E-01,

-4 0362450 ! 77SEE-0 I. -9 9159911643712E-02.

-I 8512988967 ITE-03. -3 26241k_724374E-02. -2 6480311 $$3i2E-02.

-4 6577330UB2TE-OI, -I 312917301909E-01,

00,

u" -I 112110516660E'_0Q. 9 _611413&4E-02. 2405720312012E-02.-

8 647860715109E,-0 I, -41.524468987230E-0 I,

.7 365135.456373E-01,-6 18_9337513 IE'02,-1 710915656336E-01, -

2 127569253803E-0], -2.6171 $3231269E-01,

- ] 977722 _99479E*03, -7 9111303256862E-02. -3 9496551178951E-02, -

5 901753314_$9E-01, -! 333034849750E-01,

1,62196389_029E'_|.

S

Ce*eeeee,,ee*_oe,,eeeese,eoe*****ee* "'''eo_*'eeeeleee"

C

C T'EAJECTO_Y SIMULATION INPL_S

C

C**ee*e,eoooo*,ooee*tmo*eeee,,,,eeee**,oe** "e_eee'eee

PSGENDAT

TITLE - OH" LOX/Llt2 BIMESE 285 d_ _iverial160 KIb ",

EVENT - I0, / FII_T EVENT

WGTSG = 22742S4. / INSTAL LB_OFF WEIGHT with ADDED FLUIDS

FESN - _DO. / FINAL EVENT NUMBER.

MAX'rIM - 1000.. / MAXIMUM TIME

_LTMAX - I0000000. / MAXIMUM ALTITUDE ALLOWED

ALTMIN = -_)00. / MINIMUM ALTITUDE ALLOWED

ERNC - O./tem_ plm file

MONX - 4HDYNP. 41"IFAZB. I MONITOR Q & NORMAL FORCE

PlR.NT(97) - SHXMAX l, 5HXMAX2, 5H)_IIN2.6HALTITO. 4HMACH.

4HDVNP,_INETISP,

4HAMYB, 5H'rT_YB. 5H_PSTOP. I

IGUID(I ) - I, / INERTIAL EULER ANGLE OPTION

IOLqD(2) = 0, / SAME STEERING OPTION FOR ALL CHANNELS

IOUID(4) - I, / CUBIC POLY WITH CONSTANT TERM SET BY INPUT

PITPC(I) - 0,, I INITIAL PITCH RATE

YAWPC(I) - 0, / INITIAL YAW RATE

ROLPC(I) = 0., / INITIAL ROLL RATE

hl_ I ) - 2. / PRJNT CONIC BLOCK AT EACH PHASE CHANGE

PINC = 20, I PRINT INTERVAL EVERY 20 SECONDS

NI_(2)" l, / FOURTH ORDER RUNOE KUTTA

DT - I, / INTEGRATION STE_ SIZE

NPC(3) - 4, I PLANET RELATIVE INPUT ON VELOCITY VECTOR

VELR = .I.I iNITIAL VELOCITY AT LAUNCH PAD

GAMMAR - 90, / INITIAL PLANET RELATIVE FLIGHT PATH ANGLE

AZVELR - 90,, / INITIAL AZDvlUTH ANGLE OF VELR

NPC(4) - 2. / PLANET RJELATIVE INPUT ON ALTITUDE VECTOR

ALTITO - 0., / INITLAL ALTITUDE

GDALT - 0.,/ INITIAL ALTITUDE

ODLAT " 283, / LATITUDE OF LAUNCH SITE

LONG - 2100. / LONGITUDE OF LAUNCH SITE

LONGI - 2100. / LONGITUDE EAST OF PRIME MERIDIAN

NI_5) - 5, / 1976 US STANDARD ATMOSPHERE

NPC(6) = 0. / NO WINDS

NPC(7) - I, / ACCELERATION LIMIT SET

ASMAX = 30, / LIMIT ACCELERATION THROUGHOUT TRAJF_TORY

LItEF - 1626./BODY LENGTH FROM NOSE TO BASE

SREF - 7001.4,/REFERENCE AREA

NPC(8) - 2, / CL, CO & CM TABLE INPUTS

NPC(9) - I, / ROCKET ENGINE WITH TI4RUST TABLE AND ISPVAC

N_C(10) _ 0. / STATIC TRIM IN PITCH

GXP(I) = 1602./X.LOCATION OF ENGINE OIMBAL MEASURED FROM

NOSE

ITRIM = I. / TRIM WITH ENGINE DEFLECTIONS ONLY

IENGT = I, / CALCULATE ENGINE INCIDENCE ANGLES FROM STATIC

TItJM EQUATIONS

NPC( I I) - O, / NO FUNCTIONAL INEQUALITY CONSTKAINTS

NPC(12) - 3. / CALCULATE CROSSRANGE AND DOV/NIKANGE BASED

ON ORBIT

ALTI_Ef = 100 O, / 100 NMI CIRCULAR MILE REFFJU_CE OI_IT

AZREF = O, t AZIMUTH IUEFEKENCE

NPC(|3) = 0, / DO NOT JETTISON PROPELLAHT

NPC(14) - 0, / NO HOLDDOWN BEFORE LI]F"TOFT

NPC( I $) = 0+ / DO NOT CAL.CULATE AE.q.OH_ATING

N'PC(16) - 0. / USE OBLATE EARTH GRAVITY MODF.L

NPC'(17) = 2. / JETTISON BOOSTER

NPC(I B) - 0, / DO NOT TERMINATE TI_dECTOR Y

C NPC(19) - 0. / DO NOT PRINT INPUT CONDITION sUMMARIES

NPC(20) = 0, / DO NOT USE ANY SPECIAL DT CALCULATION

NPC(2 I) = O. / DO NOT CALCULATE FUEL AND OXIDb'EE.R WEIGHTS

AND VOLUMES

NI_--_(22) - O, /DO NOT CALCULATE THROTTLING

HPC(23) * 0. / DO NOT COMPUTE VELOCITY MARGINS

NPC(24) = 0. I DO NOT COMPUTE ANY PARAMETER INTEGRALS

NPC(25) - 3, / COMPUTE VELOCITY LOSSES AND PIUNT AT EACH

TIME

NPC(26) = 0, / NO SPECIAL AEROHEATING CALCULATIONS

NF_27) = 0, / DO NOT INTEGRATE ENGINE FLOWRATES

IWPF(I) - 0, / DO NOT INTEGRATE MAIN ENGINES

IWPF(2) = I, I INTEGRATE BOOSTER FLOW RATES

N1_(28) - 0. /TRACKING STATION OPTION NOT USED

N1_(29) - 0, I DO NOT CO/v_'UTE VACUUM IMPACT POINTS

NPC(30) - 0, I USE N-STAGE VEHICLE WEIGHT MODEL

[ENGA(I) = I. / CALCULATE BOOSTER TH]_OTTLE NECESSARY TO

LIMIT ACCELERATION

IENGA(2)" 1. / TI-_OTTLE ORBITER

IENOMF(I) - I. / BOOSTER ENGINES AKE ON

IENOMF(2) = I, I ORBITER ROCKETS ARE ON

IWDF(I ) = I. / CALCULATE BOOSTER FLOW RATF_S AS A TABLE

LOOKUP

IWDF(2) - I, / CALCULATE ORBITER FLOW RATES AS A TABLE

LOOKUP

NENG - 2. / THE NUMBER OF TI-_USTINO ENGINES

NPC(3 I) - 0. / NO VERNAL EQUTNOX.. SUN SHADOW. SUN ANGLE

CALCULATIONS

N1_32) - O, /NO PAKACHUTE DRAG

N'PC(33) - 0, / NO ARC LENGTH CALCULATIONS

NPC(34) - 0. I NO KEPLE_IAN STATE CALCULATIONS

NPC(35) - O, / NO SENSED VELOCITY INCREMENT CALCULATIONS

NI__..( 36 ) - O, / DO NOT ACTIVATE SUNLIGHT OPTIONS

NPC(37) - OoI DO NOT ACTIVATE DATE OlVrioN

H!_35) = 0,/ NO ATMOSPHERIC TUIUBULENCE

NPC(39) - 0, / NO ATMOSPHE.q.IC OUSTS

N_7.(_O) = I, /

S

Prf'BLMLT

TVCIM = 3.3351, / THRUST MULTIPLIE_ FOR BOOSTER

WDI M " 33351, / FLOW RATE MUL'rWLIER FOR BOOSTE_

AEIM - 333Sl, / EXIT AREA MULTIPLIER FOR BOOSTER

TYC2M = 3 3351. / Thrum muhiF_ie_ for Orbim'

WD2M - 3 335 I, / Flow fete mu_6plief for 0_"

AE2M = 3 3351. / Exit met muluplim" for Or'hirer
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$
PITA9

TABLE - $HTVCIT,0,331 _o, / VACUUM THRUST
$

PITAB
TABLE = 5HTVC2T. 0,331 $00, / VACUUM THRUST OF Ocbim" _8in¢
$

PITAB
TABLE - 41iWDI T,0,1199 77. / FLOW RATE
$

PSTAB
TABLE = 41_N/D2T,0,1199 77, / FLOW RATE OF O_oil_r mipne
$

PITAB
TABLE = 4HAEIT,0,33.$$11, / EXIT AREA
$

PITAB
TABLE - 4HAE2To 0_13.$_1, / EXIT AREA OF Odl_itermair_
$

I_'TAB TABLE = 4HXCGT, I,6HWEIGHT,2,1,-I, I,
2006450,123.$ I, 1341170,11$ _1,

$
PSTAB TABLE- SHXRJI_:T,0, 109 90,
$

PITAB T AJSLE- $1-1ZI_JEFT.O.Oo
$

"indu(k '_me/_dl I/jwdcj/_ IMESF.eoirn_,_ _¢o '
ENDPHS- J.
$

went" 13oCd_4h6rne.vll,e-OT.mdphs-I.

$
'S_,
¢,'enr = III,cd U'=4hlime, value- 17.e_lphs- I.
$

evmr_ 20oCdu'-41_i me,v_L,- 30omdl_s - 1.
$

eva_t_30,criu'=4_ me,value-4Oomdl_ s- I.
$

ev_m_,cd_4Wd me_vldue=_O,mdphi = I.
$

evml.-60,cnlr=4h6 me,vslue-80,mdphl- I,
$

I$11¢ndll
ev_'ll_65,critr_lhtime,vilu¢- 100,1_lphs" 1o
S

IIGENDAT
EVENT = 35, CkITR = 61"fWEICON. VALUE =909679 ,

WJE'l'r - 174031. I JETTISON DRY Booster
IENGMF( I ) = 0, / TURN Boo_er OFF
IENGMF(2) - I, / TURN Orbiter ON
IWDF(I) = O, / FLOW RATES OFF
IWDF(2) - I, / FLOW RATES ON
OENGA(I) = O, /
IENGA(2) - I, t
I_/DF( !) - O, /
P,VDF(2) - I, /
LREF = 162 6,/Orbiu_
SREF - 3500"1,/Odoiter Ilone
ENDPHS = I,
$

lSstm_t
evmt-= .10,chlr-4htime,vtl_ .= 14$,t_Iphs- 1.
$

,qm_t
,ever,t=75.cnlr-.4hbme..value" I SS.er,dphs- 1.
$

iSseec_
evmr=S0.caiu'-4h6 me.value.- 220._lFh_= I.
$

(_/mt.-II $.c_ Ir-4blime.wdue.-2$ $.mdphs- I,
$

evcnl-.90°cnl_4hlime.v_lue.-2gO.emll_s- I.
$

e,._m-93._4h6 me.v_lue.-330.mdl_v" I.
$

_t- IO0.c_i'_..4htim¢.v_ue- 360.mdl_s - 1.
$

_,_m_" 105min'-41mme.v_lue- 390.mdl_s- I.
$

¢ this event marks injection into ocbit
cv®flp $O0,criu-=4hv.di,vldue-2$11$$ 000,

ENDPHS = l,
ENDJOB- Io
ENDPRB- l,
$
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A.5. SINGLE ELEMENT: POINT-TO-POINT

PISEARCH

Ceoeeeeeeeeeoeeeeeooeeeee* Jeeeeeo*eeeoeeeooeoee*eeeeoe

C LOX/t.H2 B_W/RS210OEnlPne0_"nmd 1/J/99)

C WB-O03-C Bimue pant to point

C ainsle Orbit" _u_ot make it Io od_it

C God is_omaximixa'mmu_eot'odoita

C Sim_ ires the m_m ('_t not to re'bit) mKJ m_t_

C 11N Cdidiq _ FEu¢ is mwml'M'4 dm_ to I0, 000fl_da _ _ °f2_

C At this Point _ mlnqlem_mt I_Um would take ova, but it i$ n°t

imulated

C _ maMSemc_ Plume ulullb/nwults in I 100 nmi a'°smm8 e

C LATEST WB-O01 AERO ADDED 5/6;97

Ceeeeoeo,e.eoeo*eoeo**eeleeeeeoeee*eeeeeeooe,e+o+J*eee

C

SRCHM - 4, / PIR.OJECTED GR../_DIENT METHOD

¢ 1PRO - -I. / _ FINAL TRAJECTORY ONLY

IOFLAG - 0o / ENOLISH IN - ENGLISH OUT

CONEPS(I) - 899, I CO_GENCE TOLERANCE

CONEP_2) - 00001. IMIN ALLOWED PERCENTAGE CHANGE

COHEPS(3) - 0000l, /

CONEPS(4) - (XXX)I, I

CONEPS(S) - 0000|, /

PCTCC- 0Ol. /

IDEB,-0, / No DeUBI

C

_,leOl)el)e eo oleooo ollaleo o ii *ill eoo D*ee • lo moooooo ooo oe ee soe* •

C OPTIMIZATION VARIABLE

C.Oeoeoo.eeoooo.leeloooeeoeoooeooeDoo*eooo*eeeoeIQeeeo

C

OPTVAR - 6HDPRNG I, / MAXIMIZE DISTANCE TRAVELED

OPT - I, / MAXIMIZATION FLAG

O_T'PH - _00. / PHASE AT WHICH WEIGHT IS MAXIMIZED

WOPT - (X)0003, / OPTIMIZATION VARIABLE WEIGHTING

MAxrrR = -I, / MAXIMUM ITERATIONS ALLOWED

C

Ceo.ooeo.eeeeeeooooeee_*eoeeee_eoeeeeeeeeoee'ee*e_'e*

C

C CONSTRAINT VARIABLES

C

CeO_eeoes*oooe*o_e4oo_*_eoo*ooeoo_oeee_o* **eooo_oee_

C

NDEPV - S, ! NUMBER OF DEPENDENT VARIABLES USED AS

CONTROLS

DEPVR - SHXMAX3,SHXMAXI, SHXMAX2. SHX_IN2, SHXMAX4,

DEPVAL = 4. 1000,379165, -37916S ,40, / INSERTION ORBIT VALUES +

CONSTRAINTS

DEPTL - I, l, 100, 100. I,/DESIP-,.EDACC_CIES

DIE_H = _O0 ,_O0,_O0. _,O0, SOO J EVENTS

IDEPVP. - I. l. l. -I. I.

C.e*_*eeeol, eeeeee_**eeeeeoee*ee _***e*e eeeeee****_e*o*e**

C

C

C CONTROL VARIABLES

C

C*e*ee_eoeeee*ee_*e* *e*eeee*eee*e***eeeo_e*eeeee *oe_ee

C

_ld)[( | ) -4_,4i_41_ _ 4i_tt,4h_tt.4hpiu-4hl_ tt,4hPi_

tobl(9)

-61ud pEat,6haJ pl_.6haJ ph_ 6hal plu_ 6ha.I phac bhal ph_ 6tud Phacb_d Ph,t,

lably( I )" 1,2.3.4.5.6.7,8,

tably(9)-3.4.$.6,7,8.9.I0.

nindv - 16, /lfl h_$ _ b,lmEin 8 m_es ire not needed to mee_ cmls_raints

i_'vr - Shl_ll,Shwbl2,$bl_bl3,Sht_14.Sht_blS.Sh_bl6.ShmblT.Shl_lS,

indv_9)

-$_19,61_bl I 0,6_bl I 1,61_bl 12,61,aulbl 13,61embl 14,6h_bl 15,6hwbl 16,

i_lll_ - 15,15,13,15.15.18,15,15,

indl_9 ) = 20.20.20,20,20,20,20,20.

PERT- 16"10E.-4.1, I I_.R'TUR.B

u" 41.27411 I _438OE-03.-2 13326OO529398+O1,-2.397666974775E+01,

.5.626_ 55826370E+O 1.7.361997959382E-;-01 ,-8 622227418861E+OI,

.9 33681695769111e+01.9 8739615182008+01 , 8 627310476026E+01.

u" 4 274245165 $69E-O3,-2 139110649241E+OI .-2 4201124304951E+OI.

.S 6180MI8201M8E+01,-?.346S 160141148+01,"8 171782513255E +OI •

-9 36754211536918+01 ..9.8@0263866201E+OI, 8627300997425E+OI,

/u't that rmuh in _ l_danc¢ with only Idpha cmm'ol viol_m non,al force

um .412742174139"/3 E..O3,-212187_99720_+01 .-2 413003291MSTE-H) I,

-5 46276709114TIE_01,A14752144'_I8481P+OI,AI 152759020379E+01,

.927921816_O98+O 1.9/1602631146201E+O I. 8 6512441_11458+01,

40,5 9511689(X)SO6E+O1.4 140_91379,11E+OI, 1 06546114183718+OI.

5.929WI87362068+00, _.0'$111132037600E+00, 1.32?631524231E-02.-

60,60,6_.-40.-40,20,

u- 4 2742174139738-03,-2121879_997208+OI, "2 41 _O3291M57E+OI,

.5 462767091147E+'01,-8 4752144"441_8E+01,'$ I _127590203798+OI.

-9.279218168809E+O I ,-9 11602631146201E+0 I, 8 6512448118145E+0 t.

40.5 9S I IMI9005_6E'_01 , 4 140%4913"P_41E+OI. 1.06M61141837E+01.

S 929_887362068+O0, 5 O5883203760OE+00, 1.327631524231 E-02,- I 0,- I 0,-

10,-10.-10,-I0,

/t,onv_d I.=_ubo_ w_lho_ c_-mlminin_, final vdoaty

u*" 4.274217413973E-03,-2.12187989972OE+01 ,-2 41300329114 S71E+O I,

-5 462767091147E+01,AI 4752 I_IMEE+01,AI 152759020379E+01,

• 9.2"/92181 (_:ll09E+O I ,-9 860263846201E+O I, 7_ 17638 S 530439E+0 I,

400000_ 50281 $E+'0 I, 6. I 01418902_658+O I, 4.258546163130E+0 l,

I 06364152050358+01, 5.9131296507368+O0, 5.04_232193202E +O0.

1 32763142_63E-02, 0999774520459E+00, 095,17"7375112SE+O0,

097652657"_ 165E+00, 099518558238'7E"_0, O.0(}O00SI76146E+OI,

0 _E+OI.

/c.o_veq_l wi_h velocity consm_im

u- -8.2742186648388-03,-2.12234115,197371:+01 ,-2 4154953299978+O I,

.5.$3291516910TE+O1,4.4864681814378"_01 ,AL 149072879488E+01.

.9.2250_777979218+01 ,.9.1_904954681128+0 I,

4 0721971 $63928+0 I, 4.O46499248601E+00. 4 09127064091E+OO,

4.02799_ I ]6_OTE+01,

3.027990176_O78+01,2.3279901765OTE+01,2.3279901765078"_01,2.3279_) 176

50TE'_I,

/u_ u's for 1,000 Ib payload

u, 4 274279039759E.,03,.2 142011663 _338+01 ,-2 361182370361E'_OI,

.5 618851516036E+01.9 697944509427E+.01 .-6.839258291462E+01.

-9.366037176118E+OI ,-9 99042473 IM64E+O 1.4 0ODOI331 J904E+01.

400000{303114TE+OI. 3 0911938964378+O1, 3 O47280667995E+O I.

2047418722764E+01, 2 32044401 IOO4E+OI, I 315381826792E+01.

0.31 ?51726270OE_431,

/use u's for 1,000 Ib I_tyloed

u" AI.27428M_B116E-03,-2 14482587_149E+O1,'2 359079011735E+OI.

-5 519649718889E+OI .-9.249077673248E+O I,-7 116956274 $678+O 1,

-9 2584374434298+O I ,-9.9904247384648+O I. 3 910694125902E+0 I.

3 927560866427E+01, 3 048172604214E+01, 3 01581000011078+01,

2 0352141712998+.01, 2 309694617_7E+OI. 13174721i28524E'_01.

3. 176752890(Y23E +OO,

U" 41..274285001159F..-O3. -2 13374Og74347E+O1, -2 372382620481E+OI, -

5.5028M3570528+OI..9.2_48+O1,

-7 1274493782988+01, .9.2601719283678+01, .9990424731MI4_E'_01,

3.910694125902E+01, 3 927560866,127E+O1,

3.048172604214E+01, 3 015810000_lOTE+'01, 2 0352141TI299E+OI,

2.00969,116170_'/1E+01. I 317472828524E+OI,

3 176752890923E'_0,

u" .8.2742&46_0071E-03, -2 42752188989TE+01, -2 5744043b03 IOE+O I, -

5 SOO97919404OE+OI, .9 2024261470_OE'_'01,

-7 1282672846414E+OI, -9 26026347_M928+OI. -9 990424738a_E+01,

3 910694125902E_431. 3 927560$6@1278+01.

3 0481726042148"H)1, 3OI5810000807E+01, 20352141712998+01.

2 0096946170978+OI. I 317472828524E+OI.

3.1767528909238+00.

u- 4 27427740_352E-O3, -2 203465552405E+01, -2 6a695914899118+OI, -

S 486751359144E+01, -9 155510109285E+'01.

-7 1307356743528+OI. -9 21124'1742081E+OI..9 990424738464E+OI,

3 90_HI297619E+01. 3 914151458512E+01.

3 0392426257578+OI. 3 009199393551E+01, 2 03230890006OE+01.

2 0078549853041E+01, I 317695197695E+01.

3 ] 76930789416E'_O0.

u- JL274292444634E-03,-2 2135262730978+01,-2 6556776335848+OI.-

5 520_196242270E+0 I. -.8 704982345146E+01.

.7 4878533891458+OI, -8 6945218373728+01..9 9qO424738464E+OI,

3 7944696_970,48+OI, 3 618706367882E+O I.

2926431136015E+01. 2942776111155E+01. 1 992022002436E+OI.

I 991268210402E+01, 1.321554806599E+O I.

3.18002477_060E+00,

u- 4 2743026095.668-03. -2 198109731806E+OI. -2 6874523575298+'01. -

5 _453213385968+01, -11475943112996E+0 I.

.7 3652269132498+01, -8.586190138421E+01, -9 9904247384648+01.

3 6839487625828+01, 3.333347120303E+01,

21M740332480$E+01, 28_O9675708758+OI, I 973721712864E+OL

I 98877925129_iE+O1, I 32$399446711E+01,

3.183062499091E+O0,

u" 4 274300530916F_,-03, -2 19323940(1165E+01, -2 666921_338398+O1, -

5 972409437765E,H)I. AI 570534750554E+OI,

-11.2151473348828+O I, -7.889139"/116174E+0 I, .9.267465301832,E+O I,

3 49016423437618._01, 3 22291000991ME+O|,

2 821906569241E_431. 2.87111652318OIE+01, I 9670M_82_028E+OI,

I 9878341370378+01. 1.33OI955345128+OI.

3 186419413146E+00,

u" 4.27428625307OIE-03,-2 156160679532E+01,-2 6699598672448+OI, -

S "r223512489908+01. AI 730825579231 E+O1.

.7.564352400382E+01. _ 335736962521E+'01, .9.69356_430695E+01.

3 4910106381858+01, 3 2,2M_007062OIIE+01.

21122032945916E+01. 2171237714334E+01, 1.9670T7580437E+'01.

I 9171A_7_1378+OI, I 3301"r291160968+01,

3 18647301531ME+O0,

u" AI.274300330916_E-O3. -2 1932394_868E+01, -2 6669284338398+01, -

5 972409437768E+OI, 4 $T0534750584E+01,

..8 215147334882E+0|.. 7 811913971161748._) I, .9 267465301832E.*.01,

3 4gOI64234376E+OI. 322291000991_E+OI,

2 8219065692418"_OI. 2 87111652318OE+OI, 1 96703682.T_28E+OI.

I 911783413703718+OI. I 33OI95534512E+01.
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3.1164B94131M6E+00,

iv, 4.27430_075311E*03,-2 ]933714112791E+OI,-26661_I.44207117E+01.-

$ 910620041027E+O I, 4.$_32S6E.t-01,

-.11.2391118743S I IE*OI, -7 |906111137000E+0I, -92Sl6177111327E4-01,

3 4901M234376E+OI, 3.2229100099S4E+OI,

2 1121906569241E+01, 211711165231110E+01, I 967036825025E'H)].

1.9117834137037E+01, 1.33019S534512E+01,

3 116419413546E+00,

u- -11274301427914E-03, -2 19367767160irE+01, -2665854637207E+01. -

$ 95469599451SE+OI, 41.51011 $'fll119QE+Ol,

-1122119397511139E+OI, -7 119B7193111359E+01, -9261475251244E+01.

3,4163567711167E+01. 3.219110154606E+01,

2B21252539576E+'01, 2 $70574049722E'*-01, 1.9665511499644E+01.

1.9575051152452E+01, 1.330297094262E+OI,

3. 1116_,62101210E+O0,

u," 41274329465125E-03, .2.20757216,4824E+-01,-2.64110625311327E+01,-

5.1240291154938E+0 I, -7.9492619331113 E+O 1,

-$ 65._A_161191647E+01, -7 115740145351 _,E+01, -$.11111307319575E+01,

3.469716133216E+01, 3.20M 107gQI2OE+OI,

2.111$501554105E+01, 2.11_4246733162E*01, 1966064040721E+01,

1 9176111374654E+01, I 33073062552lE+01,

3.11161762377S2E+00,

u- -$ 274333080011E..03, -2.20U93325119'E+01. -2.6431931137210E+01, -

6.097557119_46_E+0 I. -7.11611071 II 72061 E-t01.

4 660725274903E+OI, -7 992194.1171106OE+01, -11.8311011470419E+01,

3.4273350341119_+0 I, 3 1724401c3T729E+0 I,

2.1111122072577E+01, 216231102385114E+OI, 1964171632818E+01,

1 957402867145E+0 I, 13311122394620E+0 I,

3 187664051246E+(X).

u- 4.2743294611125E-03,-2.207572164824E+01.-2 641082538327E+'01.-

5.124029854938E+'0 I, -7 949261935183E+01,

-11554(N_SQ 1647E+0 I. -7.657401453515E+0 I. 41.111$307319575E+0 I,

3.469786133216E+O I. 3 206410790120E+O I.

2515501554105E+01, 21168246733162E+OI. 1966054040721E+01,

I 9g?6S8374684E+OI, I 33073062U28E+OI,

3.111_76237752E+00.

/63s chump

u" 41 27433301100_IE-03, -2.2_893325! 19E+01, -2 6431931137210E+01. -

6097557119S46E+01 -7 11680711172061E+01,

45 660723274903 E+'01 -7 9921941175060E'*'0 I. 4.11135011470419E+O 1.

3.427335034189E+01 3 172440_37729E+01,

2 811822072577E+01, 2 116231102385ME+OI, I 964171632815E+01,

I 91174021167145E+01 I 331822394620E+OI,

3 I $7664051246E'*'(X)

u= 4274333513270E.'03.-2 202585497121E+01.-2 645259999024E+01.-

6063376525407E+01 -71104844460815E+O I,

41623598730071E'*'01 -.11.007198328577E+01, -4L113110114704 ) 9E'*'01.

3.4195R I T71260E'*'01 3 164212737107E+01.

25101111325856E+01 211609S5929624E+01, 19637032115971E+01.

1 9S7333933870E+01 I 332049929277E+01,

3 11171122044937E+00

u" 41.2743330110081E-03, -2 2081193325119E+01. -2 64319311372 IOE+0 I. -

6097657119546E'+'0 I. -7 8680711172061E+01,

• 11660725274903 E+0 I. -7 99219411711060E+0 I, 4 11311011470419E+O I.

3 4273350341119E+01, 3 1724401137729E+01,

2.11111122072577E+OI, 2 g623110231151PtE+OI. 1 9641716328111E+01.

1987402867145E"0 I, I 3311122394620E+01,

3 1117664051246E+00,

S

C

C TRAJECTORY SIMULATION INPUTS

C

C**eeoeoo*eoo_o**oeol*leeo*Delell*eeeeem*eetloJ*oooe Jo

P$GENDAT

TITLE - OH* LOX/LH2 BIME.SE 211 5 deg _ivering 60 KIb *,

EVENT- 10, / FIRST EVENT

WGTSG - 1122050,

FESN = f_O. / FINAL EVENT NUMBER

MAXTIM - 3000, / MAXIMUM TIME

ALTMAX = I00000_), I MAXIMUM ALTITUDE ALLOWED

ALTMIN = ._000. / MINIMUM ALTITUDE ALLOWED

PRNC = 0,/mtup plot file

c Iqt.NC A - O, Itetup 't'dimilerl plet file

MONX - 4HDYNP, 41_AZB, 4HASMG. 5HALPHA, 6HGAMM AI, I

MONITOR Q & NORMAL FORCE

PRNT(97) - SHXMAXI, SI'DO_AX2, 5HXM1N2, 6HALTITO, 41"IMACH,

4HDYNP,$HXMAXS,

4HAMYB, SH'I'DHYB, 4hfub, /

I_1)- I, / INERTIAL EULER ANC_E OPTION

IGUID(2) - 0, / SAME STEERING OPTION FOR ALL CHANNELS

IGUID(4) - I, / CUBIC POLY WITH CONSTANT TERM SET BY INPUT

PrI'PC(I) - 0, I INITIAL PITCH RATE

YAW'PC(I) - O, I INITIAL YAW RATE

ROLPC(I ) = 0, / INITIAL ROLL RATE

NI_(I) - 2, / PRINT CONIC BLOCK AT EACH PHASE CHANGE

PINC = 20, / _ INTERVAL EVERY 20 SECONDS

NPC(2) - 1, / FOURTH ORDER RUNGE KUTTA

DT = I, / INTEGRATION S'rl_ SIZE

Nl_(3) = 4, I PLANET RELATIVE INPUT ON VELOCITY VECTOR

VELR = .1, / INITIAL VELOCITY AT LAUNCH PAD

GAMMAR = 90, / INITIAL PLANET KELATIVE FLIGHT PATH ANGLE

A.ZVFA..R - 0., / INITIAL AZIMUTH ANGLE OF VELR

uI - 63,

NPC(4) = 2, / FLANET RELATIVE INPUT ON ALTITUDE VECTOR

ALTITO = 0., I INITIAL ALTITUDE

GDALT" 0, / INITIAL ALTITUDE

GDLAT " 2115,/LATITUDE OF LAUNCH SITE

LONG " 2110 0, / LONGITUDE OF LAUNCH SITE

LONGI " 21.00, / LONGITUDE EAST OF PRIME MERIDIAN

I'_C(5) = 5, / 1975 US STANDARD ATMOSPHERE

NPC(6) - O, / NO WINDS

NPC(7) - I, / ACCELERATION LIMIT SET

ASMAX - 3.0, / LIMIT ACCELERATION THROUGHOUT TRAJECTORY

LREF = 1525,/BODY LENGTH FROM NOSE TO BASE

SIEF - 35007,/REFERENCE AREA FOR O[_B_ ONLY

NPC(11) - 2, / CL, CD & CM TABLE INPUTS

_9) - I, / ROCKET ENGINE WITH THRUST TABLE AND ISPVAC

NPC(IO) - 0, / STATIC TRIM IN PITCH

GXP(I) = 160.2,/'X-LOCATION OF ENGINE GIMBAL MEASI.I[II_ FROM

NOSE

ITRIM = I. I TRIM WITH ENGINE DEFLECTIONS ONLY

IENGT - 1, / CALCULATE ENGINE INCIDENCE ANGLES FROM STATIC

TRIM EQUATIONS

NPC( I I ) - 0, / NO FUNCTIONAL IN1EQUALITY CONSTR.AINTS

NPC(12)" 3, I CALCULATE CROSSRANGE AND DOWNRANGE BASED

ON ORBIT

ALTREF - 100.0, / 100 NMI CIRCULAi[ MILE REFERENCE ORBIT

AZREF = 0.. / AZIMUTH REFERENCE

NPC(I 3) = O, / DO NOT JETTISON FROPF_LLANT

NPC(14) -O, / NO HOLDDOWN BEFORE LIFTOIFF

NPC(15) - 0, I DO NOT CALCULATE AEROHEATING

NPC(15) - 0, / USE OBLATE EARTH GRAVITY MODEL

¢ NINe(17) - 2. I JETnsoN BOOSTER

NPC(111) = 0. / DO NOT TERMINATE TRAJECTORY

C NPC(I 9) = 0, / DO NOT PRINT INPUT CONDITION SUMMARIES

NPC(20) - 0, / DO NOT USE ANY SPECIAL DT CALCULATION

NPC(2 I) - 0, / DO NOT CALCULATE FUEL AND OXIDIZER WEIGHTS

AND VOLUMES

NPC(22) = 0, / DO NOT CALCULATE THROI"I'LING

NPC(23) = 0, / DO NOT COMPUTE VELOCITY MARGINS

NPC(24) = 0. I DO NOT COMPUTE ANY PARAMETER INTEGRALS

NPC(25) - 3, / COMPUTE VELOCITY LOSSES AND PRINT AT EACH

TIME

NP'C(26) - 0, /NO SPECIAL AEROHEATING CALCULATIONS

NPC(27) - 0, / DO NOT INTEGRATE ENGINE FLOWRATES

IWPF(I) = I, / INTEGRATE BOOSTER FLOW RATES

NPC(28) = O, I TRACKING STATION OPTION NOT USED

NPC(29) = 0, I DO NOT COMPUTE VACUUM IMPACT POINTS

NPC(30) = 0, / USE N-STAGE VEHICLE WEIGHT MODEL

IENGA(I) = I, I THROTTLE ORBITER

IENGMF(I) = I, / ORBITER ROCKETS ARE ON

IWDF(I) - I, I CALCULATE ORBITER FLOW RATES AS A TABLE

LOOKUP

NENG = I. / THE NUMBER OF THRUSTING ENGINES

NPC(31 ) - O, / NO VERNAL EQUINOX. SUN SHADOW, SUN ANGLE

CALCULATIONS

NPC(32) = 0. / NO PARACHUTE DRAG

NPC(33) - O, / NO ARC LENGTH CALCULATIONS

NPC(34) - 0, / NO KEPLERIAN STATE CALCULATIONS

NPC(35) - 0. / NO SENSED VELOCITY INCREMENT CALCULATIONS

NPC(36) - 0. / DO NOT ACTIVATE SUNLIGHT OPTIONS

NPC(37) - 0, / DO NOT ACTIVATE DATE OPTION

NPC(311) - 0, / NO ATMOSPHERIC TURBULENCE

NPC(39) - 0, / NO ATMOSPHERIC GUSTS

NPC(40) - I, I

S

P$TBLMLT

TVCIM = 3 3351, lThnm multiplier for Orbiter

WDIM - 3.335 I, / Row _ multiplier for Od_m"

AEIM = 33351, / Exit mru muhil_ior for Orbiter

S

PSTAB

TABLE - 5HTVCIT. 0,531500, / VACUUM THRUST OF Odoilef ealpne

$

P$TAB

TABLE - 4HWDIT,0,1199 77, I FLOW RATE OF Od_iter eq;in_

$

I_TAB

TABLE = 4HAEIT. 0,33 551. / EXIT AREA OF Orbiter lithe

$

I_'TAB TABLE - 4HXCGT, 1,6HWEIGHT.2, I ,- I, I,

2006450,12351,134870,11550.

$

P$TAB TABLE-$HXP-,.EFT.0,109 90,

S

PSTAB TABLE- 5HZ.REFT.O.0.

"indude '/komeJl_dl 1_ tooley tlxm/B IMESFJPT2PT,q_imeae aero'

ENDPHS - l,

$

event- I $.ail_'-4htime,value"07.

iguid(4)-2,

$

IS_blmh

$
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Ilbb _h_ u, 1.6heine ,11.1,I, I.
I0, 90. hill inet6td pitc_ ll_llel m'e i_l vlln
XI. 90.

10,0.90.

150.90.

200._.

280._.

320._.

m¥_'l.
$

e551t'1_J8. Cl_r 5hwplnog,VlIIU¢j'IM j600, _48ximuml idlowit_¢ I_pd JiuIt

ieeilmlI ] )"0. /_m ill relines dr

isuid-0.0.3. /u_ taro mZlm wid_ dMpl_ *m in n*xz plu*_

mdp_- I.
$

,ide - (X1,,,lpim roectl_ speci6ed velum',
event- I9,cnu_pmmm,vaJue'O,
q_(17)-2. / _Jht jelS_ OlP_
wjea-4923, t v_ mdduMs
mdplu- t.
$

ISZmmu
lide = Oh'Bepn Da*cent*.
e_m,, _),c_tr-(dqpmm -_,_d ue-O,
dz-4. Anaqie lumpzize dzmni Ion8 dlm:Nmt
iluid-.0.0.2./we *w'o *aBle *ables
hi, iT)"2. / vmilp_ ]m*o_ oWion
_3, I _t rudualo
xma_)-0. I_ m_uqmnm_ _

$
IS4blmh
S

ISmb _pl_ 1.41wdr.10.l.- I.I.
25OOO. 4O.
18000, 40,/Hyp_lonic _m '_ 40 dq_ ez
160_. 0./com_ impmled to ogomiz_r
12000. 0.
IO000. 0.
8000. 0.

6000. 0.
4000. 0.
2000. 0.
0. 0.
wzdldu_l.
$

dde = _*D_mmon ,chcived*.

event- £.00.cri¢- ._hlp_t.vzlue" _000.
ENDPHS- I.
END,lOB - I,
ENDPR.B - t,
$
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A.6. FUEL-AUGMENTED BIMESE: POINT-TO-POINT

I_$EARCH

CeeOoo**o**ee**olee*lte*eI**eeeeo***e_eoe*oeoe**eeee**e*e

C LOX/LH2 BIMESE with fuel anl_emsdm W/R.S2100 Engine (revimd

1/I/99)

C WB-O03-C Bimem point to point

C mngie Orbiter cannot make it to ocbit

C C.msl istonutximize_l_nmlleoCmbiter

C S_muJmtes the e.u_m {but net to orbit) and reanuy

C The Gli,41n8 eme3_ ph_e il eimu, lated dovm to $0,000 fl m,,d a ret v_ or" 2 _

C At this peim eMqly nmqlemem phs_ wauld t_e over, I_ it it not

imulmed

C _ maneSemmt phase ulually flaultt in 8 100 nmi cnmmmse
C LATEST WB-001 AERO ADDED 5/6,97

COOe*oeeoe*e:teeo*omeoo**eeeet**eeoo*oeeoo***eeeoe**eeoo

C

SRCHM - 4. / PROJECTED GRADIENT METHOD

¢ IPRO - -I, / PRINT FINAL TRAJECTORY ONLY

IOfLAG - 0, / ENGLISH IN - ENGLISH OUT

CONEPS(I) - 899, /CONVERGENCE TOLERANCE

CONEPS(2) - O(_01, / MIN ALLOWED PERCENTAGE CHANGE

CONEPSO) - O0001. /

CONEPS(4) - 0000I. /

CONEPS(5) = 00001. /

PCTCC- 001. /

IDEB-0. / No Detail

C

C OPTIMIZATION VARIABLE

C

OPTV&R - 6HDPRNGI, / MAXIMIZE DISTANCE TRAVELED

OFT - I, / MAXIMIZATION FLAG

OPTPH - 500, / PHASE AT WHICH WEIGHT IS MAXIMIZED

WOPT - 00(3003, / OPTIMIZATION VARIABLE WEIGHTING

MAxrrR -40, /MAXIMUM ITERATIONS ALLOWED

C

C

C CONSTRAINT VARIABLES

C

C

NDEPV - 5. / NUMBER OF DEPENDENT VARIABLES USED AS

CONTROLS

DEPVR = 5HXMAX3,SHXMAXI. 5HXMAX2, 3HXMIN2, 3HXMAX4.

DEPVAL - 4, 1000., 379165. -379165,40,/INSERTION ORBIT VALUES +

CONSTRAINTS

DEPTL - I, I, 10¢, 100, I. / DESIRED ACCURACIES

DEPPH = 500.$00,300,500,500./EVENTS

IDEPVR - I, 1, I,-I, I.

C

C

C CONTROL VARIABLES

C

C

tabl( I ) -,4 h piu.4h pitL4 h pitt. 4hpitt,4hpi[L 4hpi u.4hpitl, 4hpitt.

tabl(9)

-6h_;th_6h_ ptw_6h_6t_6t_pt_,6h_ _6_d ph_ 6h_ phat,

tably( I )" 1,2.3,4,5,6,7,8,

tably(9)-3,4,5.6.7.8.9,10,

nindv - 16, /In this deck banking anBlet are not needed to mee* coastrtints

indw - 5htabll.3htabl2,3htabl3,Shtabl4,ShtsblS,$htabl6,3htablT,3Mabl8,

imP(9)

-3htabl9,6h[abl I0.6htabl I 1,6hldbl i 2,6htltbl 13,6htsb114,6htabI 13,6httbl 16,

indl_ = 15,15,15.13.15,15.15,15,

in_:th(9) = 20.20,20,20,20,20,20,20.

PERT" 16"1.0E-4,1. /PERTURB

u" 41.274111 $6438OE-O3,-2 1332600529391E+0 I.-2397666974775E+01,

-3 62635582637OE+0 I,-7.361997959382E+01,-8 62222?41 U61E+O I,

-9.336516957695E+O I,-9 173961518200E'_0 I, 8 627310476026E+0 I.

u" .41,274245165569E-O3,-21391106'19241E+OI ,-2420824304951E+O1,

- 5.61 $OSI$201M$E+O I ,-7.346516014114E+O 1.4 1 ? 17112513255 E+O I,

-9.367542553691E+01,-9.$60263846201EH)I. 8 627300997425E+01,

ht's that rauh in opt iluidanoe with ealy t¥1_t,emtrd viehlta nm'nud force
(_t'lSt

t." -8 274217413973E,-03,-2.1218791199720E'*'01 ,-2 A 1300329843 ?E+'01.

-3.462767091147E+01,-8.47321444484|E+_1,-8.152759020379E+O1 ,

-9 279218165809E+01:9 1160263 $46201E+O1, II 651244555143E+0 I,

40,39511Mgo0506E+OI, 4 1_O549137941E_01, 1.065461141837E+01,

5 9"2911118736206E+00, 3 038532037600E't'00, 1.327631524231 E-02.-

60,60.60.-40.-40,20.

us -8.274217413973E-03,-21218?_19972OE+01 ,-2 413003295437E+0 |,

-5 46276709114TE+0I,-8 475214444548E+01,-8 1527590203?9E+01,

-9279218168509E+0 I,-9 860263B46201E+OI. 1 631244558145E+01,

40,5.95116890{)506E+01, 4 140549137941E-*-01.1 065461141837E+01.

5.929U8736206E+O0, 5 05883203 ?f_OE+O0, 1327631524231E-O2,- 10,-I0,-

10.-10.-10,-10,

/¢.onvel_ Imlutiom without consmlinin 8 fired v_o¢ity

u- -8.27421 ?413973E-O3.-2 12187959972OE+01 ,-2 413003295437E+O I.

-5 462767091147E+O I .-8 47521444.4548E+01 ,-8 152?59020379E+O I,

-9 27921BI65$O9E.*-OI..9 860263846201E-q)l, ?.176385530439E+O1,

4.00000a502815E+O I. 6 IOI 418902565E+OI, 4.258546163130E+O1,

1.063655205035E+OI, 3913129650736E+00, 5 045232193202E+00,

1 327631425463E-02, 0.999T74320439E+O0. 0984773751123E+00,

0 976526577165E+O0, 099518558238?E+(}0, 0 000005876146E+01,

0 00(X30(O(XXX3OE+O I.

/converiled with velocity _straint

u" -8.2742186641138E-03,-2 122348549?3 ?E+O I .-2 415495329997E+01,

-5.532983169107E+O I,-8.484468181437E+O I ,-8.149072879458E+0 I,

-9.2250eT779792E+01 .-9 _19049546882E+01.

40721971 $6392E+01,4 046499245601E+00.4 09527064091E+O0,

4 027990176507E+OI,

3.0279901 ?65OTE+O 1,2 327990176507E+O 1,2 327990176507E +O 1,2 327990176

507E+0 I,

/use u'! for 1,000 Ib payl_

u" -8 274279039759E-03,-2 1420_11663503E+01 .-2 361182370361E-*'O I,

-5 61 $1151516036E+O1,-9 697944809427E+OI,-,6.I39258291462E+01,

-936603717611EE+O I,-9 99042473846.4E+01,4 000013311904E+OI,

4 0(X)000031147E+01, 3091193896437E+01, 3 O47280667993E+O I,

2 047418722764E+01, 2 320_AO 11004E+O I, 1.3153811126792E+0 I,

0.317517262700E+OI.

Aute u's for I,O00 Ib I_tylold

u" -82742:115458116E-03,-2.144825875449E+OI ,-2 359079011735E+'01,

-5.519649718889E+01:9 249077673248E+0| .-7 11695627456TE+01,

-9.258437443429E+OI,-9.990424738464E+OI. 3 910694125902E+01,

3 927$60566427E4_1. 3048172604214E+01.3015810000807E+01.

2 0352141 ? 1299E+0 I, 2.309694617097E +0 I. I 317472828524E+O I,

3 176752590923E+_O.

u" -8.274255001159E-O3, -2 133740974347E+01, -2 372382620481E+OI

3 502854357052E+OI, -9 204608000024E+OI.

-7 12 ?449378295E+0 I, -9 260171928367E+O I. -9 990424731M64E'*'O I.

3 910694125902E+01. 3.92754501_6427E+OI.

3 048172604214E+01. 3 013510000507E'_'0|. 2035214171299E+01.

2 CO9694617097E+O1, 1.317472828524E'_01.

3 176752890923E+00.

u" -8.274284650071E-O3,-2 427321U9597E+OI.-2 574404360316_E+01

3 S0097919404OE+01.-9 202426147050E+01,

-7 12826728461ME_'01, -9 260263474492E+01, -9 990424731M64E+01,

3 910694125902E+OI, 3 927560866427E+OI,

3 048172604214E+01, 3 01581CO00807E'_01. 2 033214171299E'_0t,

2 009694617097E+0t, I 317472828524E+OI.

3 1?6752890923E+00,

u = -8 274277403352E-03.-2.203463532405E+01,-2 646959148998E+01

5 456751339144E+01. -9 1555101092RSE+OI,

-7 130733674332E+01, -9_211244?42(_ IE+OI, -9.990424731k164E+OI,

3 904698297619E+O I. 3 914131458512E+01,

3 0392426257371E+OI, 3 009199393551E+OI. 2 03230590(X)6OE+OI.

2 0078fu198330$E+O I, 1.317695197695E+01,

3 176930789416E+00,

u- -8 274292444634E-03, -2.213526273097E+01. -2 63567"/633384E'*'01

5 520596242270E+01, -8 704952345146E+O1.

-7 487853389143E+01, -8 694521837372E+OI, -9.990424738464E+0 I.

3 794469689704E+01, 3 615706367882E+01,

2926431136013E+01, 2.942776111133E+OI. I 992022902436E4"01.

I 991268210402E+0 I. 1.321 $$4806399E+01.

3 1 $O024T?5060E+O0.

u" -8 274302609566E-O3, -2 195109731 $06E+01. -2 657432357529E4-01

5 545321538596E+OI -8475943112996E+01,

-7 365226913249E+O I -8 3116190138421E+O I, -9 990424738464E',-0 I.

3 6839487625112E+01 3.333347120303E'_)1.

2 $47403324508E+OI 2 890967570573E+01, 1.973721712864E+01,

I 985779231293E+OI 1325399446711E+OI,

3 ! $3062499091E+00

u" -8.274300530916E-03.-2 19323940_i65E+O1,-2666925433$39E,"01

5 972409437765E+01 -8 570534750554E+01,

-8215147334882E+01 -7 Jl891397116174E+01, -9.267465301832E+01,

3.490164234376E+OI 3,222910009954E+O I.

2 $21906569241E+01 2 E? I 116523 I$OE+OI, 1,967036525021E+OI,

I 957534137037E+01 1330193534512E+'01,

3 I1_4894131_t6E+00

U- -8.274286233070E-03,-2 1561606?9532E+01,-2669959167244E+OI

5 722351245990E+01 -8.730825579231E+OI,

-7 564332400382E+OI -8 335736962521E+OI. -9 693565430695E+O1 ,

3 491010638185E+OI 3.223600706208E+01,

2.822032945916E+01 2871237714334E+01, I 967077580437E+01,

I 9_71MO47_437E+OI 1.3301_+OI.

3 I $64730_5354E+00

u- -8 274300330916E-03, -2 193239405865EH)1, -2.66692_33839E+0l, -

3 972409437765E+01, 4 3703347505ME+OI.

-8 213147334182E+OI,-7 859139TI6174E+OI, -9.267463301832E+01,

3 490164234376E+01, 3.222910009984E+01,

2 1121906569241E+01. 2 R?I 1165231BOE+OI. I 967036825028E+01.

I 9571134137037E+OI. I 330195534312E+01.

3 I _,489413546E+00.
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u- 4 2743OOeO7638F_03,-2 193378482791E+01.-2.6668&_20T$TE',_I,-

59_(_200_10271E.t.O I, ,8.5844t46483286E +01,

4339188743511E+01, .7190618137000E+0 I, .9.258617718327E+01 ,

3.49OI64234376E+01, 3.22291000991ME _"OI.

2 821906_Y241E+OI, 2.87111692318OE+01, I 96703682_28E+01,

I 98783413TO37E_'OI. 1.33019_$3431ZE+OI,

3.186,189413846E+00,

u" 4.274301427914E,O3,-2 1936776716(_E'_1,-2.6658M63720?E+OI,-

S.9_99451SE+O I, 4.5111115"/1111 _E'¢4) I,

-8228939751139E+OI, -?.Sgll? 19381359E+01, -9261476261244E+01,

3.416356T78167E+01, 3.219510| $_06E+01,

2821252839976E+01, 2_870574049722E',OI, 1966099499644E+01,

I +95710_152482E+01, 1.3302970942_.E+01,

3 11_$6250121OE'*'00,

u" -8.274329468128E-03, -2.207972164824E+O I • "2 6411082938327E+01, "

6 124029854939E+01, -?.949').6193 $ I $3E+01,

4,6_40_191647E+01, -719740149391SE+01, 4.8|1307319579E+OI,

3 469716133216E+O1, 3.206410790120E+01,

21115019_1109E+01, 2.868246733162E+01, 1966084040721E+OI,

I 9117688374_14E_)1, 1.33073062&II28E+O|,

3 11657623TT$2E'_0,

u" 4,274333080_1E-03, -2._193329119E+OI, .264319383"r210E+Ol, -

6.0976_7119S46E_'01, -7.$65071 $72061E'H)I,

4 660725274903E_)1, *7.9921941171060E*01, -4111311011470419E+01,

3.42733503411gE+OI. 1172440137729E+0 I,

2.$1152207257'_E+01, 2.$623502395114E+O|. 19_171632515E+01,

1.957402867145E+01, 1.33152239462OE'*_1,

) I $7664051246E'¢'00,

u- 4.274329468128E-03, .2.207572164824E+OI,-2.648082931327E+OI,-

6.1240291_1938E*OI, -79492619391|3E+01,

4.65,4041_'d_9164 TE+O I, -?.$$7401453 $ I 5E"O I, 4 $18307319579E+01.

3 46971JTI33216E_)I, 3 20641079OI20E_01,

2|195019_1105E+01, 2.868246733162E+01, I 966OIMO40"T21E+OI,

I .gII7688374kMJ4E.H) I. I 330730629929E+01,

3 186876237782E+00,

/631 chump

u- 4 27433308GO81E-O3. -2.2041893329119E+OI, -26.43 I93t3721OE+OI. -

6097657119_6E"O I, .?.868091972061E+OI,

4 660725274gO3E+O I, -7 992194879060E+O I. 4138011470,419E+O1,

3.42733_O3418gE+01, 3. I "r2440_37729E+OI,

21111220725TTE+'OI, 2 162380235514E+OI, 1 964171632811E+01,

1987402867145E"01, 1.33112239462OE+01.

3 I $756,40512,16E+4)0,

u" 4274333613270E-03,-2.2029|5497121E+01,-2.649259999024E',Ol.*

6 (_6337652MOTE+O1, .? 804844460816E+O1,

4 623598730071E+01,4 007194132J57_E+OI. 4.138011470419E+OI,

3 419581771260E+OI. 3 164212737107E+01.

2 IIOll13288_6E'H)I, 2960955929624E+01, 1.963703285971E+OI.

I 9Q733393397OE+OI. I 3320,199292T7E+01,

3.167822044937E+O0.

u" 4 274333080OIIIE-03. -2._193325119E+01, -2 643193137210E+OI, -

6 097657119_16E+01, -7 16107 III72061E_01.

•,11660T25274gO3E+O I. -7 992194871060E+O I, -8 8380114?0419E+O 1.

3 427335034199E+01. 3 172440$37729E_01,

2|11822072577E+O1, 256238023551ME'*'OI, I._,4171632515E+01.

I 99740286?145E+O1, 1.331 |2239462OE_OI,

3 117664051246E+00,

u= -8 27433361327OE-03.-2.20259_'497121E+OI,-2649259999024E+01, "

6 063376525407E+OI, -7 804144460816E'H_ I.

-8.623595730071E+OI. -8 00719_1328577E'*'OI, -8135011470419E+01.

3 419591771260E'_01. 3 16,1212737 lOTS+01.

2 110111328956E+01, 2 860985929624E','01. I g637032159?lE+OI.

I 91173339331170E+01. 1.332049929277E+01,

3 19782204493 TE+00.

/3640 nmi

u- -8 274333613270E-O3,-2.2025$_49?I21E+OI,-2 .64525999g024E+Ol,"

6.06337652_tO7E+01. -7.804J444604116E._'0 I.

-8 6239g_73007 IE'._ I, -800719_12|577E'H)I, 4.tt38011470419E+OI.

3 419511771260E+01, 3 164212"r37107E+01,

2.|21252139576E'*'01, 2 |?0_74049"_2E'_11 2966151M99644E_'_OI,

2 91780595248ZE+01, 2330297094262E+O I,

3 1565625012 IOE'*'00,

u- 4 274329d168121E-O3, -2 207972164824E+O1..2 6480_J2531327E+OI, -

6 124029_$493|E+OI. -7 949261939193E','01.

4.6_4(_68916'17E+0 I, -711574OI453515E"O I, -8 615307319575E+01,

3 4697116133216E+OI, 3_206_ 10790120E+01,

2.011501554105E+01, 2.$68246733162E*'01, 1.9_60_1.4040721E+01,

I 9_7681374614E'_'OI, 1.330730621828E*'01,

3 1116876237782E+00,

u" 4 274315061533E-O3, -2.013199291760E",_0 I..2 670226024393 E','O I, -

6040374503005E_'01. -7.667961117423E+01,

4412923123129Ea.'O I, -7 997500051937E+OI, -8 866659$944_0E+01,

3 d169?$6133216E+01, 3,206410790120E+01,

2 $15_O1554105E+O1, 2.865246733162E+OI, I._1E'*OI,

I 9_J?688374684E-_'O1, 1.33073062882$E*OI,

3 114_1762.1 'r?ll2E+00,

U" -8 274306536621E-O3, .2 019(_11279164E*OI. -2MI$TTIIOIgOgE+OI,-

6011972952534E+OI, -7 _100759595E+O I,

-8 31671J6285560E+OI, .7,9979_(.289_211E._01, -8 866229M5215E+O1,

3 468526_22359E+01, 3 205394268403E+01,

2 $1$293957303E+01, 21680?1018069E+01. I 966025297625E+01,

I 997679537281E+01, 1 330757147_106E+OI,

3 116595%4765E'_0,

_y_

U- -8274309637309E_3, -2 00057970,16134E+OI, -2 676679725595E_OI. -

6022313_ql_1591E+01, -7 444962467779E'!'O I,

-8 42] 7496319OIE+01, -8 004OI $$14OI6E'_01, -8 869629766147"E+01,

3 469716133216E_01, 3 30641079012OE+01,

2.1195015_109E+01, 2.868246733162E+01. I ?_721E',-01,

I 987689374684E+0 I, 1.330730628829E+O I,

118687623 T712E+00.

_ayet

u- 4.2743091161218E-03,-2000721394000E+OI, .2,676680229124E','OI,-

6 018145869216E+01, -?.432292760012E'H) 1,

4.399OIt 537991E+OI,-7987723313527E-_O1, -8J60452272171E-H)I,

3 4699_171 g_l199E._O 1, 3 305759391144E+01,

2 $193_6164077E+01, 2.868129459171E+01, 2.06606600420_E_-01,

1.917682515094E+OI, 1.330747760206E+01,

3. I $61_196329'7E.,-00,

yet

u,- -8.2?43209979_4E-O3, -2.00?6944359_J3E+01, o2.67970651114OZE_1, -

5.85933101799_E+01, -7216723574025E +01,

-8 312579689950E+OI, -41 1204_6855u172E+01, -8:/19938887512E+OI,

3 431539389942E+01. 3.279264592107E+01,

2 $11744139113E+OI, 2 $63021928797E+OI, 2.061248469139E_'OI,

I 9_5550239901E+01, 1.331536987233 E',-OI,

3 1 $74767451 $ I E+O0,

S

C

C TRAJECTORY S_IULATION INPUTS

C

I_GENDAT

TITLE = OH* LOX/LH2 BIMESE 215 dell clelivenn_ 60 KIb *,

EVENT - 10, I FIRST EVENT

WGTSG - 1362395.

FESN = SO0, / FINAL EVENT NUMBER

MAXTIM - 3000. / MAXIMUM TIME

ALTMAX - I(X]O0000.,/MAXIMUM ALTITUDE ALLOWED

ALTMIN - -SO00, I MINIMUM ALTITUDE ALLOWED

PRNC - O, Iwmp plo_ file

c PRNCA - 0,/Jetup ddimited plo( file

MONX - 4H_Y'N'P, 4HFAZB, 4HASM_, 5HALPHA, 6HGAIvlMAI, /

MONITOR Q & NORMAL FORCE

PRNT(97) - 5HXMAXI, 5HXMAX2, 5FDOvliN2, 6HA_TITO, 4HMACH.

4HDYNP,51-DaVlAXS,

4}_,.MY'B, 5HI"_IYB, 4bfszb. /

IGU]D(I) = 1, I INERTIAL EULER ANGLE OPTION

IGU1D(2) - 0, / SAME STEE_ING OPTION FOR ALL CHANNELS

IGU1D(4) - I, / CUBIC POLY WITH CONSTANT TERM SET BY INIq.rT

PITI_ I) - O, / INITIAL PITCH RATE

YAWPC(I) "0., I INITIAL YAW RATE

ROLPC(I)" 0.. / INITIAL ROLL RATE

NPC(1) - 3, IPRINT CONIC BLOCK AT EACH PHASE CHANGE

PINC = 30, I INUNT INTERVAL EVERY 30 SECONDS

NPC(2) - I, I FOURTH ORDER RUNGE KUTrA

DT - I, / INTEGRATION STEP SIZE

NPC(3) = 4, I PLANET RELATIVE INPUT ON VFi.OCITY VECTOR

VELR - I, I INITIAL VELOCITY AT LAUNCH PAD

GAMMAR - 90, I INITIAL PLANET RELATIVE FLIGHT PATH ANGLE

AZVELR - 0, I INITIAL AZD,4UTH ANGLE OF VELR

md - 67,

NPC(4) = 3, / PLANET RELATIVE INPUT ON ALTITUDE VECTOR

ALTITO - O, / INITIAL ALTITUDE

ODALT" 0., / INITIAL ALTITUDE

ODLAT - 2115, / LATITUDE OF LAUNCH SITE

LONG - 2500. / LONGITUDE OF LAUNCH SITE

LONGI - 3800, I LONGITUDE EAST OF PRIME MERIDIAN

NI:'C(5) - 5, / 1976 US STANDARD ATMOSPHERE

N_TA6)- o, / NO WINDS

NPC(?) - I, I ACCELERATION LIMrr SET

ASMAX - 3.0, / LIMIT ACCELERATION TI_,OUCdHOt_ TRAJECTORY

LREF - 1626./BODY LENGTH FROM NOSE TO BASE

SR.F.F - 3500.7,/REFEKENCE AREA FOR ORBITER ONLY

NI_(II) - 2, / CL, CD & CM TABLE INTq_Ts

NF_9) - I, ! ROCKET ENGINE WITH THRUST TABLE AND ISPVAC

NPC(10) - 0, / STATIC TRI_ _N PITCH

GX]_(1) = 1602,/X-LOCATION OF ENGINE OIMRAL MEA_UIUE_D FROM

NOSE

ITRDvl - I, / TIU]M WITH ENGINE DEFL,ECTIONS ONLY

ENGT - I,/CALCULATE ENGINE INC_E ANGLES FRG&I STATIC

TRIM F.,C,KJA TION S

NI_T_..O I ) - 0, / NO FUNCTION AL INEQUALITY CON S_

NPC(13) - 3, I CALCULATE CROSSBANC__ AND DOWNRANGE BASE.D

ON ORBIT

ALTREF - 1000,/100 HMI CBI, CULAR MU,E _E OIUBIT

AZREF - OJ AZIMUTH REFERENCE

NPC(I 3) - 0, / DO NOT JETTISON PROPELLANT

N]_".,(14) = 0, I NO HOLDDOWN BEFORE L_(OFF

NI_ 15)" 0,1 DO NOT CALCULATE AEROHEATING

N_ 16) I 0, / USE OBLATE EARTH G ]ILAV]TY MODEL

¢ N_C(17)= 2.1JETTISON BOOS'IT_R

NPC(IS) - 0, / DO NOT TERJvlINATE TRAJECTORY

C NPC(19) . O, / DO NOT F_(.[NT _4]PUT CONDITION SUlv_AR]ES
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I'_---...(20)- 0. I DO NOT USE ANY SPECIAL DT CALCULATION
I'_:'C(21 ) = 0. I DO NOT CALCULATE FUEL AND OXIDIZF.R WEIGHTS

AND VOLUMES

NPC(22) - 0. / DO NOT CALCULATE TI_OTrLING

HII_._23) - 0. I DO NOT COMPUTE VELOCITY MARGINS
1,_.(24) - 0. I DO NOT COMPUTE ANY PAKAMETER INTEGRALS
N]I_..(25) - 3, I COMPUTE VELOCITY LOSSES AND PRINT AT EACH

TIME
NPC(26) - 0, / NO sPECIAL A.EROHEATING CALCULATIONS
NPC(27) = 0, I DO NOT INTEGRATE ENGINE FLOWRATES

P,VPF(I) - I, / INTEGRATE BOOSTER FLOW RATES
NPC.(211) - O, / TRACKING STATION OPT)ON NOT USED
HPC(29) - 0, I DO NOT COMPUTE VACUUM IMPACT POINTS
1_(30) = 0+ / USE N-STAGE VEHICLE WEIGHT MODEL

I][_IGA( I ) - I, / THROTTLE ORB ITER
IENGMP(I ) = I, / ORBITER ROCKETS ARJEON
FArDF(1) - I, / CALCULATE ORBITEA FLOW RATES AS A TABLE

LOOKUP

NENO = I, / THE NUMBER OF THAUSTING ENGINES
NPC(3 I) = O, / NO VERNAL EQUINOX, SUN SHADOW, SUN ANGLE

CALCULATIONS

NF'C( 32) - 0, / NO PARACHUTE DR,AG
NPC(33) = 0, / NO ARC LENGTH CALCULATIONS
NPC(34) - 0. / NO KEPLERIAN STATE CALCULATIONS
NT'C(35 ) = 0, / NO SENSED VELOCITY INCREMENT CALCULATIONS
N[_._36) = 0, / DO NOT ACTIVATE SUNLIGHT OPTIONS
NPC(37) = 0, / DO NOT ACTIVATE DATE OPTION
NPC(311) - 0. / NO ATMOSPHERIC _ULENCE

NP_39) - 0+ / NO ATMOSPH]F.IUC GUSTS
NPC(,m) = I. /

$
PSTBLMLT

T'VC IM = 3 335 I, / Thn_ multiplier for Ocbiler
WDI M = 3335 I. I Flow rate muhiplier for Ocbit_r
AEIM = 3 3351, / Exit arcs multiplier for Od_ita

$
PSTAB

TABLE - SHTVCIT, 0,531500. I VACUUM THRUST OF Orbiter enBir,¢
S
I_'TAB

TABLE - 4HWD l T,0, I 19%77. / FLOW RATE OF Orbiter en$ine
$
PSTAB

TABLE - 4HAEIT, 0.335511. / EXIT AJ_EA OF Orbiu_r msine
$

PSTAB TABLE = 4HXCGT.1,6HWEIGHT,2, I,- I, I.
2006450,123 5I, 134870.115.$0,

$

PSTAB TABLE= 5HXREFT,0,109 90.

$
P$'rAB TABLEfSHZREFT,O,O,
*indude '_<m_--al I fJu_oley IpoW'B IMESE/PT2PT/bi mese _ro'

ENDPHS = I.
$

l_endm
evemt=1$.cr_u'-4 hfime.vid,.,e-07.
isuid(4)=2,
$

l_blmlt

$

l$1ab mble-4Klm rl. 1,6hume +$.1. I+I.

10. 90. tldl il_"lml pitch imi0es _ ind varl
30. 90.

50,90.
t00, '_,,
150.90.
200. 90+
2110.90.
320, 90,
e,Ml_f'-I.
$

ISp_t

lide - Oh*l_m'*p up apM*.
ev(ml...I1. _er-Shwpmp. vslu.e-.-1166600. /Maximum allowable ixo_lant
kmSmfflpO. /M.n all a_im o_T
i_d-0,0,3, /m_ _ _$1¢s wi_ d_dl_ m in next pha_
dtdl_- 40. Andependem v_iable
endplu - I.
$

_mt-I 9,c.m_d_u_mm,vMue,,_,
nl_(! 7)=2. / _Sht jemsoa op_oe
wjen-4925. I vent mddmd,*
em/V_ - I.
$

iSp_
'ide- 0_*Belpn De_em*.
evem-20,cri_-6hpm r_i,vM ue-O.

iipad-0.0.2, hJ_e_¢ro ,millemblm
np_lT).-2. / wa_hl je_mn op_m
wjml=4295. / vent n_idu_d,

vJnax(5)-O. / _ max immma monitor
$

Ikblmlt
$

lamb mble-M_pha_ 1.4hv"a r. I O.I.- I.I.
25000. 40.
IS000..10./Hypenonic m m m 40 del_ees
16000, O.l_,nff'ol imp,rued tc oI_ m i_."_

12000. O.
t0000, 0.
I000. O.

6000. O.
4000. 0.
2000. 0.
O. O.

u.dl_," L
$

lille - 0h*D,_mmo_ ,w..heived*.

ev_=500.,m u'= 51qldalt.v,Jue.- 50000.
ENDPHS - I.
EP_JOB- I.
ENDPRB - I.
$
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A.7. THRUST-AUGMENTED BIMESE: POINT-TO-POINT

P_E/dRCH

C,oeeeeeeeeoeee.eoeDee*oo**ee**oeeoeeeoe*oeoeeo**o****

C LOXP, J.12 BIMESE W/IIS2 I00 Enpne (mvimd 2/I/99)

C WB,003-C Birm_

C T/W- I .$ / iitap on Ixmn 5n_--lOs

C to 100 nmi

C 215 DEGKF.JES INCLINATION

C LAT'ESTWB-OOI AERO ADDED_6/97

COOOo,eeoooooeeelooeoee*eeoeoeoee**e*ee*e*oeee*eeoe*ee

C

SRCHM . 4. / RROIECTED GRADEENT MFI1PFOD

¢ _O -. I, / PIPJICr FINAl.. TR,AJECTOI_Y ONLY

IOFLAG - O, / ENGLISH IN. ENGLISH OUT

CONIFer) = 899, / CONVERGENCE TOLERANCE

CONEP_2) - 00(301,I MIN ALLOWED PlE_CENTAGE CHANGE

CONF..P_3) - 00001, /

CONEPS(4) - 0OOO1, /

CONEP_S) - O0001, /

I'CTCC-00l. /

I]DIEB-O, I No DeUlil

C

C),eeeeoooe,*eoee*e*oee*ee*oeeeee*eoo*eo*oeooe*oeeeeoe*

C OPTIMIZATION VARIABLE

C,o***oe)ooooeee*eeeeeeeooeeeee*eeo**e*o*ee*e*e*******

C

OPTVA.K - 6HDPRNG 1, / MAXIMIZE FINAL BURNOUT WEIGHT

OPT" I, / MAXIMIZATION FLAG

OFFIPH - 500, IPHASE AT WHICH WIEIGHT IS MAXIMIZED

WOPT - 000003. / OPTIMIZATION VARIABLE WEIGHTING

MAXITR - 10, / MAXIMUM ITEKATIONS ALLOWED

C

ClllllIIlllIlll I! ! I_III I1111 II ll _II I! ! III111 I!_II III! !

C

C CONSTRA_¢I" VARIABLES

C

Ceeeeeeoemoeeeoooeeeeooeeeeee*oeeeeoJoeeeeeeeeoeeenee

C

NDEPV - _, I NUMBER. OF DEPENDENT VARIABLES USED AS

CONTROLS

DEPVR - $_3.$HXMAXI, 5HXMAX2, $_2, SHXMAX4.

DEPVAL - 4. I000. 37916S,. -379165,,40, / INSERTION OR]BIT VALUES ÷

CONSTRAINTS

DEPTL - I. I, 100, 100, 3. / DESIRED ACCURACIES

DEPPH - 500 , _0. 500. 500 ,500 J EVENTS

IDEPVR " l, I, I,-I. 1,

C

CO8,**ee*****oeeeeeeoeeeoe*eeoeoD****e*eeeeo*** meeeeoel*

C

C

C CONTROL VAKIABLES

C

Ceoee*eeeee*eaeeee*e*ee**eeoee*o*e*ne*eeeeeeoeee*e*ee

C

tabl( I ) "4hpitt.4hpitl..4hp_ n 4h_tt.4hPi tt.4'hpitt. 4h1_ tt-4h_ n.4hp i_

mbl(10)

..e_e_jp_etu_p_pluu.6h¢ ph_6_p_6h_ p_u._ p_
ubty(_p.L.2,3,4,4,5,63.S,
lably( IOp3.4.5,6.7,8.9. I0.

mnclv - 20, /In this deck banking Itqlles are not ram:led to meet c_umtints

indvr -

5hlabl 1.5 htabl2, $btsbl3,Shtabl4,Shtabl 5.Sh4abl6.Shud_ 7.Shtabl$. Shtabl9.

iMv_10)

-_ubl I O,6htabl I 1,6bt_al12,6hu_l13,6htabl14,6hu_lS,6ktmbl16,6hmbl17,6he_

pc1,

ind_ rig) - e_it_2,6_plt_2,

il_lll_ " 15,15,15.15,19,19.19,19.19,

i_lFh( 10 ) . 200.200 '_00.200._00,2OO.200,200,14.15,16.

IP -I 14270$'71"/1169E+00, ,.,4 55232403371 IE-OI. -2,'/O_219_659E..OI, -

7 014759690989E,01, -2 315063553074E,01,

.2 1705244148OIE.,01, -I O310462995'74E,01, - I/7'22001909_ 34E,01. -

I 21'7485R35263E,01, -I 8_01151604115E,.0].

-I 909351515345E-03,-I 65543658'T730E,01, 8629t122_)404E+0h

u" -I 486110012522E+O0, -3 7361?2917025E-01, .3 2U9921MBS'7E,01.-

7.2946_1349305E,01, -2 70181 $735483E,01,

• 2 3933594048"/11E-0 I. • 1 098713129975E-01, - 1 870812018176E,0 I. -

I 282_64_,01, -I 912"/O440_301E,01,

-I 910365335931E,03,-I 719945392416E,.,01, 8 62'74185OI636E+01,

u',' -I 3"tg_1594974tOE+,00, -5 "f212119749266E,01, ,-4 210546033644E.,Oh -

7.203025804504E-01. -2 2973_1191152OOE,0 I,

-I 934959071753E-OI. -9 8199_3|22808E-O2.. I 50_M3760030E,01. -

I 122159644621E,01, -I 671 _65591504E,01,

-I 909074297634E,03. -I 657011516538TE,01. 8 631048929058E+01.

iP -I,_10_02_ 12113E"HDO..4.204227379936E-01. -41110118729701E,01. -

63221003158_dE-01,-2 179_3316'7117_E,01,

-2 031160_512Tt0E,01,-I O_4910T83472E.OI,-I '744110516730E,01.-

1 2MI493922201E,01, -2 012714659367E,01,

-I 9124422576711E-03,-1 139191474348E-01, | _291?_O_4744E+01,

u" -I 591111 _0_?013E+O0, .3 966_025R6373E,01, -7 44424719300OE,01. -

5 048125113924E-01,-J _457655E-01,

. I 1359011_,4233E,.,0 I, -IO64996110070E-OI, - 1.763 i$9979488E,01. -

1.247919411693E-01, -1 951570735172E,01,

-I.911633824151F.,,03, .I.733_32"/892E-01, 8 630846599866E+01,

m" -I 3'798594974110E+00, -5 "F212897492661E-01, .,.42805460336,4,4E,01,

.7.2030251tO4504E,01,-2 2973619152OOE,01.

-I 934959071753E-OI, -9 8199638"J"J'8OIIE-02. -I 50_943760030E,01, -

I 122159644621E-01.

- 1671 _65598_04E,0 I,

-I 909074297634E,03. - 1.6570g$16538TI_-0 I, 4.0721971116392E+01.

4.046499241601E"_'OO. 4 O911270_409 IE+'00,

4,02'7990176507'E4"01,

3.0279_017650TE+01,2.32"_ 17650"/E+01,2 327990176507E+01 ,.2327990176

_0'71E+OI,

u" 924210q1759185E,01 ,- 1.3 "/9529174790E'_0,-5,$52979221554E'01 •

3 TO 16391 $2951E,01 ,-2.234290_16519E-O I .-I IN3221353295E-OI.

.9 06121297_.13E,02.- 1.23889_620_93 E-01 ,-9.26031T931731E,02.

I 9232001D4122E,0 I,- I 904298597594E,03,- 1,25161_'55 I_'E-6 I,

4 043547255215E+01.5 805144558214E,02, I 0_19397105_1E+01,

4.070377031501E+01.2.79901 "_50TOOIE,01, 2.3279901 ?6_)TE+'01,

2.327990176507E+01.2.32799017650"/1E+01,

IP 4.41171 $$363T25E,0 1.9.204245813696F.-01 ,-II.0"/103T724961E'O I,

3 I77994383_43E,01,-2.203605593222E-01.-1115351421199E,01.

.9 91,4943222223E,02.-2.2011186 I018115E,01 ,.9 97625244637TIE-O2.

2 4'70?31t892865E'01,'l 9036_23TO377F-.,03.-I 245706914611E-01,

3 910694125902E'+OI,

3.927560_6427E+O1, 3 948172604214E+OI, 3 715110000_,071E+OI.

3 035214171299E'H)I. 2 509694617097E+01, I 017472128524E+01.

5 176752890923E+O0.

m" 4.2511478_6104E,01,-9._,333704365271F..,01.-8 438372137148E'01,

-3 132763765653E,01.-2 53146933M58E,01,-2 4107412T19OgE,01,

-2 00645787_451E,01 ,-2 230104449959E.,O I ,-2 00339112522116E,0 I,

2 4562099391122E.01 .-I 90379033202TE-O3,-1246720147 I%_:.-01,

7.375410999323E+01o 5 572916737096E'H)I. 5 762317_IIIM9E+01.

3 715810gO080TE+01.3 035214171299E+01.2 _17097E+01,

I O174'72528524E+01, 5.176752890923E +00,

u" 4 2537163M780E-01 .-9 501'70_2112094E-OI,-8 415 M 269324OE'01.

-3 929743645432E.,01 ,-21_771963870E,01 .'2 "/094951112173E,01.

-2 8051110930008E,01 ,'29291M52125OE,01 .'2 90313820556TE,0 h

.2 9563461089_OE,01 .'2 903"/119321 139E,03," 1246711359153E,03,

7 374426557195E'+OI, 5 57291673709_E+01, 5 762317541M9E+OI,

3 715810000_07E+01.3 035_'14171299E4"OI, 2 _0969461"/O99E't-01,

1,0174"T282|524E+OI, 5 1"/6752190923E+O0,

u= 4 23031440U?91E,01 ,-9.7?6833296223E-01 ,-IL622998_O5297E'O I.

-3 969774412886E,01,-2 743128%42664E-01,-2 718_29104372E'01,

.28120046363121:-01,-2 931387442514E,01,-2 90511 "/O9823"/IE,01,

-2 956974209105E-0 I.-2 903795616494E-03.- 1.246711557671 E-03,

7 346?81025037E+'0 I. 5 572916737096E+0 I, 5 7623175,41 ¢._19E+O I,

3,715810000807E+01.3 035214171299E'+OI. 2 _0969461709TE'H)I.

I 017472828524E'_'01, 5 1767528qO923E+00,

u" -0 1 ,-9 '795743774426E,02,-8 63_911066030E,02.

-3 9'72476949904E-01 ,-2 744808149175 E,0 I,-2 7195899_R_OIE,0 I,

.2 81244249'740_E,01,-2931492673359E,0 I.-2 9052592OII340E-01.

.2 957019763132E,01,-2 9037960110943E,03.-2 2467115'72_E,03.

3545761112036E+01.4 072916737096E+OI, 3062317541M9E+'01.

3 71581000080'7E+01.3 035214171299E+01, 2 _O9694617097E+01,

I 017472828524E+0 l, 5.176752890923 E+O0,

U'- . I M7815136588E,01.- I 7831_3328443E,01,-2 62337_O26312E"01.

2 142877002568E-01, 2 3332110001U3E,02.-2 ] 31926223116] E-O I,

.5 229069222_6 IE,0 I.-5 IO,421880024OE,01 .-? 2013771730911E,01.

-4 52_0_1954050E-01.-2 923294513265E-03.-2 2411851'7_E,03,

4 052064130713E+O2, 3 958,B62'7236'113 E+O I. 3 73'7126630163E+OI,

3 715810000437E+01, 3 035214171299E+01.2 _O969,461 ?097E+01.

I 017472828524E+OI. 5 176752890923E+00.

u- -827428545811 f_E-,03,*2144825875449E+01 ,-2.3 _)O?V011735E+01 ,-

2359079011735E+01,

.5 519649711189_+O 1,.9.249OT76732411E+O I ,-6 9169_627456TE+01.

-9.2 fd1437443429E+O 1,.9.990424731464E+01.3 910694125902E+O 1,

3 927560166427]F.+OI, 3.04|1_214E_'OI, 3.015110000SOTE+01,

2 035214171299E+01.2 309_9461709TE+OI. I 3174721211524E+01.

3. 176752890923E+00,

u'- 4 274279039'759E,03,-2,2420_ 1663503 E+O I, -2961182370361E+01.-

2961182370361E+01,

-5.318851516036E.+01 ,-8 997944gO942"/E+01 ,-9 039258291462E+O I,

-9.1660371"/611 BE+01 ,-9 990424?3 D464E+CI I. 4000013311904E-*'OI,

400000G031147E+01, 3 091193896437E+01.3 O4"/2110_7995E+01.

2 0474187227ME+01.2 320_A_O11004E+01, 1.315381126"/92E+01,

0317517262700E+01,

u-' .412741237224 Y7E,03,-2 145746217263E+01, -4.534742240112E+01,

.5 198633_12759E+01 ,-5 91462_01977D, E+01.4 _40636263"Pg_E+O1,

.9 399519192613E+01 ,-9 753162536695 E'_O I,-9 890424731464E +OI ,

3 '70235195852TE+O1.3 Ig3591302614E+01, 3 004680231522E+01,

2 911812130'1979E+OI. 2 02340593BI41E+OI, 2299103'797495E+01.

1,31U,4_ql0Tg?OIE+O I. 3 1771605918_4E+00,

u" -.11,274072572495E-03, -2516641 _8994E+0|, -3.347018111551E+01. -

6.83732526241,4E+OI, -6.25125TTI5392E+01,

-9 MOglI440_I35E+OI, -9 2430206_162E_OI. -41521473151t2??E+01. -

9 I111864116731 _IE'_'OI. 3 701363843799E+01.

3 |830395811934E'_01. 3 00425633318'4E+OI. 2 '_17940407552E+O1,

2 0232723491109E+01. 2 298990539951E+01.

131t830959560E+01. 3 17?85955q0OgE+'00,
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u- 4.2740?1353145E-03, -2 $59443750022E+01,-3 2511353016857E+01.-

6 599447RI6359E+OI, -6 1921992?4713E+01,

-9.U21171652585E+OI, -9.3894794140412E+OI. 4 769320150947E+0 I. -

9.1111393071M31E+OI, 3 T0234362119111E+OI,

3.U35116650997E+01, 3.004676545596E+01, 2918119751¢d17E+OI,

2,023404774361E+OI, 2 299102106393E4-01.

I 3 IIM2703764E'H)I, 3.1771605|2265E+00,

u" -6.2740?1263163E-03,-2 471644064350E._1,-33704794998117E+OI,-

6 745116769701111E+01, -6.2214411221527E+O I,

-9,497447491014E+01, -917931249111111E+01, -II 543267341 I124E+01, -

9BTRI23336566E'*-01, 3.699331642590E+01.

3.MlUg980967E+OI, 3.003319512349E+01, 2.9175596122115E+OI,

2 0229929q;II4S2E+OI, 2,29Q?44345567E+OI,

1.31118057 III IIIIIE+01, 3 IT7170717407E+00,

u- -II274077104089E-03, -2551113u4n63E_,-01, .3.290303563710E+01, -

6.750669140121E'_ I. -6 230268249569E+.0 I,

-95145173110663E+OI, -9 29ql769113329E+01, 4 61370,4570232E+OI, -

9.1111267011182|E+01, 3.70164193561311E+01,

3 II132215119361E+01, 3.004395241854E.*.01, 2917999_3E+01,

2023316336693E_.OI, 2.2990211113317E+01,

131U34199323E+OI. 3 A 7TI59q196802E+(X),

u" 41.2740114115006E-03, .2 I170265353497E+01, -351MI0"T757451E-H)I, -

6.7_ 19355E+0 I, -6.2517913511462E+0 I,

-9.615307514406E+01, .9. I $1669193365E+0 I, .41,399_30725023E4_ I, -

9.1111267011111211E+O 1. 3,717152965609E+01,

3.11597516116649E+01, 3040374025202E+01, 2 946496376233E+01,

2.050 i 1115790711E+01, 2271636373149E+01,

1.318834899323E+01, 3 1771159896gO2E+00.

u- 4 274041111171127E-03,-2.3223011.413291E+01,-3.755315301519E+OI.-

611246260300511E+01, -6.2119231334789E+01,

-9 7511672125 I197E+01, 4 619576645333E+01,4 0054629491159E+01. -

9 1126701111128E+01, 3714636055494E+01,

3?45881691163E+01, 3 0711M45911767E-H)1, 2 86621569649SE+01.

2.019")16522557E+01. 2.23711543662119E+01.

1.3110523403117E+01, 3.1777904311315E+O0.

u,, 4 274047633424E-03. -231115575911116E'H)I. -3 7642589521193E+01, -

69?3556217845E+0 I, -6.32629391 g536E+OI,

-9.11511923683071E+0 I, -41 531469692692E+0 I. -7913532437.629E-_0 I. -

9 1826705 I111211E+OI, 3 705970_682 IE+O 1.

3.7421119197097E+01, 3076076657770E+O1, 2 11652.207124471E+01.

2.0190621631153E+01, 2 237249534300E+01.

1.3179US58446E+OI, 3 J 777541159814E+O0,

4.274046680aSOE-O3, .2316271021S63E-q)I, -3 7'?1015114126E+01,.

7.073 $29671S66E+OI. -63 52044040178E+0 I,

-9.9321139612117E+01, -6 41;2911257315E+OI.. 7.11526250it 5563E +.01 , .

9.11112670Q118211E+01, 3 704225077426E+OI.

3 7421119197097E+01. 3.076076657770E+01, 2 I165220712447E+01.

20890621631153E+0 l, 2 23?249534300E+01.

1.3179118558446E+01 . 3 1777&48591114E+00,

re- 4.274025107497E-03,-2 226835162041E+01,-3.360591927261E+01.-

7301232341105E+01, -6,41 III124113 I1908E+01 ,

o1.013325675975E+02, 4 449960095214E4-01. -7688616776559E4-01, -

9 |762706351144E+0t, 3 700872500876E+01.

3 740_74535957E+.01. 3 074447075595E+01. 2 864564604748E+01.

2 0U563379577E+OI. 2.2368530462211E+01.

1317945280912E+01. 3,177710915805E+00.0 5.-I 01134537041117E+00. -

6 299342591120E-O 1,

PERT- 13"1OE-4. /PERTURB

II

CtOt4ot o**t toott**ttt ****8t,oleoottttoo,tott ot,otettt,

C

C TRAJECTORY SIMULATION INPUTS

C

PSGENDAT

TITLE - OH* LOX/LH2 BIMESE 211 5 deg dlelivwing 60 KIb *.

EVENT - 10, / FIRST EVENT

FESN - 500. / FINAL EVENT NUMBER

MAXTIM - _(X), / MAXIMUM TIME

ALTMAX - 10000000, / MAXIMUM ALTITUDE ALLOWED

ALTMIN - -5000, / MINIMUM ALTITUDE ALLOWED

PRNC - 0,/Ntup plot file

PRNC = 0,/mtup plot file

PRNCA - O,/letup delimited plot file

MONX - 4HDYNP, 4HFAZB, 4EIASMG. SHALPHA, 6HGAMMAi. /

MONITOR Q& NORMAL FORCE

PR.NT(97) - 5HXMA×I. 5HXMAX2, SHXMIN2, 6HALTITO, 4HMACH,

4HDYNP,3HWD 1,3HWD2, 5 hwpt, p l,Shwprp2,

4HAMYB, 5HTTMV'B, 5HPSTOP. /

IGUID(I) - I, / INERTIAL EULER ANGLE OPTION

IGUID(2) - 0, / SAME STEERING OPTION FOR ALL CHANNELS

IGUID(4) - I, / CUBIC POLY WITH CONSTANT _ SET BY INPUT

PITPC(I) - G, / INITIAL PITCH RATE

YAWPC(I) - 0., I INITIAL YAW R.ATE

ROLPC(I) - 0., / INITIAL ROLL RATE

NPC(I) = 2, /PRINT CONIC BLOCK AT EACH PHASE CHANGE

PINC = 20, I PRINT INTERVAL EVERY 20 SECONDS

NPC(2) = I, / FOURTH ORDER RUNGE KUTrA

DT = I, / INTEGRATION STEP SIZE

NPC(3) - 4. I PLANET RELATIVE INPUT ON VELOCITY VECTOR

VELR - I. / _OTIAL VELOCITY AT LAUNCH PAD

GAMMAR - 90, / INITIAL PLANET RELATIVE FLIGHT PATH ANGLE

AZVELR - 0., I INITIAL AZIMUTH ANGLE OF VELR

lUd - 90,

NF_4) - 2, / PLANET RELATIVE INPUT ON ALTITUDE VECTOR

ALTITO - 0, I INITIAL ALTITUDE

GDALT - O, / INITIAL ALTITUDE

GDLAT - 285, I LATITUDE OF LAUNCH SITE

LONG = 210.0, / LONGITUDE OF LAUNCH SITE

LONGI - 2100, / LONGITUDE EAST OF PRIME MERIDIAN

NPC(5) - 5, / 1976 US STANDARD ATMOSPHERE

NPC(6) - 0, / NO WINDS

NPC(7) - I./ ACCELERATION LIMIT SET

ASMAX - 3 O. / LIMIT ACCELERATION THROUGHOUT TRAJECTORY

LREF - 1626,/BODY LENGTH FROM NOSE TO BASE

SREF - 3500.7,/REFEXIENCE AREA FOR ORBITER ONLY

NPC(8)- 2, ICL CD& CM TABLE INPUTS

NPC(9) - I, / ROCKET ENGINE WITH THRUST TABLE AND ISPVAC

NPC(IO) - O, I STATIC TRIM IN PITCH

GX_(I) - 160.2,/X-L.OCATION OF ENGINE G[MBAL MEASURED FROM

NOSE

ITRIM - I, / TRIM WITH ENGINE DEFLECTIONS ONLY

IENGT = I, / CALCULATE ENGINE INCIDENCE ANGLES FROM STATIC

TRIM EQUATIONS

NPC(I I ) = 0, / NO FUNCTIONAL INEQUALITY CONSTRAINTS

NPC(12) - 3, / CAJ._ULATE CROSSKANGE AND DOWNRANGE BASED

ON ORBIT

ALT'REI: - 1000. / 100 NM_ CIRCULAR MILE ILE_F'EI_E_E OP.BIT

AZREF - 0., I AZIMUTH REFERENCE

NPC(I 3) - 0, / DO NOT JETTISON PROPELLANT

NPC(14) - 0. / NO HOLDDOWN BF.FORE LIFTOFF

NPC(I 5) - 0. / DO NOT CALCULATE AEROHEAT1NG

NPC(16) = 0, / USE OBLATE EARTH GRAVITY MODEL

NPC(I 7) - 2. / JETTISON BOOSTER

NPC(I II) - O, I DO NOT TERMINATE TRAJECTORY

C NPC(19) - O, / DO NOT PRINT INPUT CONDITION SUMMARIES

NPC(20) - 0, / DO NOT USE ANY SPECIAL DT CALCULATION

NIPC(21 ) - 0, / DO NOT CALCULATE FUEL AND OXIDIZER WEIGHTS

AND VOLUMES

NPC(22) - 0. / DO NOT CALCULATE THROTTLING

NPC(23) - O, / DO NOT COMPUTE VELOCITY MARGINS

NPC(24) = 0, / DO NOT COMPUTE ANY PARAMETER INTEGRALS

NPC(25) - 3, / COMPUTE VELOCITY LOSSES AND PRINT AT EACH

TIME

NPC(26)" 0, / NO SPECIAL AEROHEATING CALCULATIONS

NPC(27) - 0, / DO NOT INTEGRATE ENGINE FLOWRATES

IWPF(I)" I,I, I INTEGRATE BOOSTER AND STRAP FLOW RATES

NPC(211) = 0, / TRACKING STATION OPTION NOT USED

NPC(29) = 0, / DO NOT COMPUTE VACUUM IMPACT POINTS

NPC(30) = 3, / USE N-STAGE VEHICLE WEIGHT MODEL

IENGA(I )" 0, I, / THROTTLE ORBITER, BUT NOT STRAP ONS

IENGMF(I)- I,I, / ORBITER AND STRAP ROCKETS AREON

iwdf 1, I, Arm Imp vac

nengl - I,

,enSh - 2, _i_*numbere_en_r_

menmk = 1,2, /nutpmchmlpnetoaspectficUmk

w_t)- 376411. /weil_toi'SRBp¢o_ie_t

wstpd(I) - 376450, /dry w_ght o(SRB

w_pcl(2)- 11111050,

men_tp - 1,2.

NIPC(31) - 0./NO VERNAL EQUINOX. SUN SHADOW, SUN ANGLE

CALCULATIONS

NPC(32) - 0./NO PARACHUTE DRAG

NPC(33) - 0./NO ARC LENGTH CALCULATIONS

NPC(34) - 0. / NO KEPLERIAN STATE CALCULATIONS

NPC(35) - 0. / NO SENSED VELOCITY INCREMENT CALCULATIONS

NPC(36) - 0. / DO NOT ACTIVATE SUNLIGHT OPTIONS

NPC(37) - 0. / DO NOT ACTIVATE DATE OPTION

NPC(38) = 0. / NO ATMOSPHERIC TURBULENCE

NPC(39) - 0. / NO ATMOSPHERIC GUSTS

NPC(4O) = I, /

II

PSTBLMLT

TVC2M - 3.3351, / ThrtJ multiplier for Orbiter

WD2M - 3.3351, / Flow rme multiplier for Orbita

AE2M - 3.3351, / Exit arl mul6plier for Orbiter

CDM = 12, /'rabiem_plier fordr_lbectmaeo(mrmpoat

S

PSTAB

TABLE - 5HTVC2T. 0.531500. ! VACUUM THRUST OF Ovbitu eqpne

$

F'*'TAB

TABLE - 5HTVCIT. 0. I 120300. / VACUUM THRUST OF m'sp-em mlpae

$

PSTAB

TABLE = 41-Pk'D2T.0.119977. / FLOW RATE OF Od_ter enlpw_

II

I_rAB

TABLE - 4HWD1T.O.4070. / FLOW RATE OF map-ore On, he

S

PSTAB

TABLE - 4HAE2T. 0.35551. / Ex]'r AREA OF Od_u_ mpne

II

PSTAB

TABLE - 4HAEIT. 0._61/b9. / EXIT AREA OF _ engiae

$
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PqCTABTABLE - 4HXCGT. 1.6HWEIGHT.2. I .- I.I.
20064S0.123 $ I. 134570.11SSO.

$
P$'TAB TABLE- 5HX]POEFT.0.109 90.
$
P$TAB TABLE- SHZIe.EFT.0.0.
*indude '/Imm_udll i/jm_.y IixxeJB _PT_imem¢ *e¢o'
ENDPH$ - I.
$

IS_,.da
evem.. 14.I.ml= - Shlim.
value-20, IdltFdlmoWema_decmi_*limilinli
umx(S)- 0. /nmm du_le ,o _ nuzke zu_ mspc(I ) im'l mt w Mxwe one

m_ooO) - S.
mclp_ =l.
$

ISzm,am
event" I S.cHrq_imL vzkzr.07.mdl_- I.
q_d(4).-O.
$

tSZueda
erda- 16.ccir41uime.vzlme'20.mdF duv"l.

$

ISsi"
ivml- I l. I .mlP4hllml.
v*lue - 2999. /dmn F citable wlw, ceienm_ limitinll

_o(7) - I. / limb mx_Mecmion
lummx - 3 0o I limit _ms lm3 $es

mp_(22)- 2.
iml_ I) - 0.t. I dz_de mbiler mdNi I_c limil, but noc emlP om
_1)- i.

endlPhS - I.
$

err.I-19.1 .cnlPShv*'pcp I ,vl/ue-O,
vMue -0, /win ¢mMw mqpnz wtwa lit mSz fud is emPtY

n_ - 2.
ienW_l) -0. _n_omotr

nlpc(?) - |, I limit Iccd_on
unuLx - 3 O, / limit m:oder"hon m 3 $'s

npo(_) - 2,
i4nlil( i ). O,i. I tlvo[de od_i_, ueini ic¢ limit

ml_l)- I.
$

I_ddmh
_lm- I0.
$

I$_b mble..4bpitt. 1.6hdme .8.1. I. I.
lO, 90. /lllinerbM piLcSinl_um_ind vln
30,90.
_0. 90,

I_, 90,

210,90,

320, 90,

$

tide = 0h*lLsmp up ull_m*,
evem- 100. mm-_,hwprp2, vldue--909679,/Mmximum allo_ble p¢opetlamt

ie_ip_ t)"0.0, ttur_ oll mSir_ off
isuid-0.0.3. Au Mro mqllm with dMp_ m in next plv*_

_p_- 4o. A_q_k_ v,mm4e
endph*- l.
$

Ir,w_
5de - Oh*,,,*pha_ ,p_i6ed value*.
event- I _O.,mtr_mai,vdue'O.mdl - %

nl_¿ "/)-,2, I wesht jem*or* omo,
wjee_192$. I v_ residuals

$

dde - O_'Bqlin [:)a_lm*,

_ -4. 4ncr_ mp size dunnii kmll cle_em
ilmd-O,O.2, _u_ lero _nile ulbla

wjett-429_, I '_at _idmds
xmax(_)-O, I m*a max llamrname.tar
$
ll_blmh
$
ISwbtM_f_Udl_Uil, 1.4hvelr. I0. I .- I .I.
2_000. 40.
IImO0. 4¢./H_© _m "40 _S rues
14000. 0,/oo_roi impnned Io ol_mi_er
]2000. 0.
1000¢, 0.
1000. 0.
6000. 0,
4000. 0.
2000, 0.
0. 0,
mdphrl.
$

ISem_
'_de - _1_*Dmiuetion oche_ved*.

event- _O,c_i_,'- 51qidat_value'50000,
ENDPHS - I.
EI_JOB- I,
E:NDPRB - I,
$
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